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^ (54) Vehicular AC generator 

(57) A vehicular AC generator has a stator including 
a stator coil formed by AC connection of four-turn phase 
coils by serially inserting coil conductors into slots sep- 
arated by intervals of three slots, the coil conductors be- 
ing arranged four in a line in a radial direction, and 
wherein each of the phase coils is obtained by perform- 
ing the steps of: inserting the U-shaped coil pieces from 
the axial side into two adjacent sets of two of the sepa- 
rated slots so that one of the coil pieces is respectively 
positioned at the first outermost place in one slot of each 
of the two sets and the fourth outermost place in the oth- 
er slot of each of the two sets, and that another of the 
coil pieces is respectively positioned at the second out- 
ermost place in one slot of each of the two sets and the 
third outermost place in the other slot of each of the two 
sets; inserting remaining U-shaped coil pieces from the 
axial side into remaining sets of two of the separated 
slots so that one of the remaining coil pieces is respec- 
tively positioned at the first outermost place in one slot 
of each of the remaining sets and the second outermost 
place in the other slot of each of the remaining sets, and 
that another of the remaining coil pieces is respectively 
positioned at the third outermost place in one slot of 
each of the remaining sets and the fourth outermost 
place in the other slot of each of the remaining sets; 
forming first and second coils by connecting an end por- 
tion of each coll piece, which extends from the first out- 
ermost place in one slot of each of sets of two of the 
separated slots, to an end portion of each coil piece, 
which extends from the second outermost place in the 
other slot of each of the sets, and by connecting an end 
portion of each coil piece, which extends from the third 
outermost place in one slot of each of the sets, to an 



end portion of each coil piece, which extends from the 
fourth outermost place in the other slot of each of the 
sets, and forming a crossover connection portion be- 
tween the first and second coils by cutting off the coil 
pieces inserted into the first outermost place in one slot 
of each of the two sets and the fourth outermost place 
in the other slot, and by connecting cut end portions of 
the coil pieces extending from the first outermost places 
in each slot of the two sets to the axial opposite side, 
cut end portions of the coil pieces extending from the 
fourth outermost places in each slot of the two sets to 
the axial opposite side being used a lead wire and a wire 
connected to a neutral point, respectively. 

FIG. I 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] This invention relates to a vehicular AC gener- 
ator adapted to prevent cooling ability from being dete- 
riorated by crossover connection portions of each of 
turns of phase windings of a stator coil. More particular- 
ly, this invention relates to a coil winding structure for 
decreasing or omitting crossover connection portions of 
each of turns of phase windings of a stator coil. 

2. Description of the Related Art 

[0002] FIG. 8 is sectional diagram showing the con- 
figuration of a conventional vehicular AC generator. 
[0003] The conventional vehicular AC generator is 
configured so that a Lundell-type rotor 7 is rotatably 
mounted within a case 3 consisting of an aluminum front 
bracket 1 and an aluminum rear bracket 2 by means of 
a shaft 6, and that a stator 8 is fixed to the inner wall of 
the case 3 in such a manner as to cover the outer pe- 
riphery of the rotor 7. 

[0004] The shaft 6 is rotatably supported by the front 
bracket 1 and the rear bracket 2. A pulley 4 is fixed to 
one end of this shaft 6, so that the rotating torque of an 
engine can be transmitted to the shaft 6 by means of a 
belt (not shown). 

[0005] Slip rings 9 for supplying electric current to the 
rotor 7 are fixed to the other end of the shaft 6. A pair of 
brushes 10 are accommodated in a brush holder 11, 
which is disposed in the case 3, in such a way as to slide 
in contact with the slip rings 9. A regulator 1 9 for regu- 
lating the output voltage of the stator 8 is attached to a 
heat sink 17 fitted on the brush holder 11. A rectifier 12 
electrically connected to the stator 8 and adapted to rec- 
tify an alternating current generated in the coil the stator 
8 to a direct current is mounted within the case 3. 
[0006] The rotor 7 comprises a rotor coil 13 which 
generates magnetic flux when an electric current flows 
therein, and a pair of pole cores 20 and 21 disposed so 
as to cover the rotor coil 13 in which magnetic poles are 
formed by the magnetic flux generated by the rotor coil 
13. The pole cores 20 and 21 are made of iron, each 
has a plurality of claw-like magnetic pole pieces 22 and 
23 circumferentially provided along the outer circumfer- 
ential edge thereof at an equiangular pitch in such a way 
as to protrude therefrom. The pole cores 20 and 21 are 
fixed to the shaft 6 in such a manner as to face each 
other so that the magnetic pole pieces 22 and 23 engage 
with each other. Moreover, fans 5 are fixed to both axial 
ends of the rotor 7. 

[0007] The stator 8 comprises a stator core 1 5 and a 
stator colli 6 composed of wires wound around this sta- 
tor core 15 in which an alternating current is generated 
by alternating the magnetic flux of the rotor 7 owing to 



the rotation of the rotor 7. 

[0008] In the conventional AC generator configured in 
this manner, an electric current is supplied from a battery 
( not s . n ?™ n ) t0 tne rotor coil 1 3 by means of the brushes 
s 1 0 and the slip rings 9, so that the magnetic flux is gen- 
erated. The claw-like magnetic poles 22 of the pole core 
20 are magnetized to N polarities by this magnetic flux. 
The daw-like magnetic poles 23 of the pole core 21 are 
j magnetized to S polarities by this magnetic flux. On the 
10 j other hand, the rotatinal torque of the engine is trans- 
• mitted to the shaft 6 by means of the belt and the pulley 
| 4, so that the rotor 7 is rotated. Thus, a rotating magnetic 
field Is given to the statorcoil 1 6. Then, an electromotive 
force is generated in the stator coil 1 6. This AC electro- 
's motive force is transmitted to and rectified by the rectifier 
1 2 to a direct current, its voltage is regulated by the reg- 
ulator 18. Then, the battery is recharged. 
[0009] The rotor coil 1 3, the stator coil 1 6, the rectifier 
1 2 and the regulator 1 8 emit heat at all times during pow- 
20 er generation. The heating values of these elements are 
60W, SOW, 120W and 6W, respectively, at a high-tem- 
perature rotation point in the case of an AC generator 
of the class that has a rated output current of 100 A. 
[0010] Thus, intake openings la and 2a and exhaust 
25 openings 1 b and 2b are provided in the front bracket 1 
and the rear bracket 2 so as to cool heat generated by 
power generation. As indicated by arrows in FIG. 8, at 
the rear side of the generator, outside air is sucked by 
the rotation of the fans 5 from the intake openings 2a 
30 respectively provided in such a way as to face a heat 
■ sink 19 of the rectifier 12 and the heat sink 17 of the 
regulator 1 8 and flows along the axis of the shaft 6. Con- 
sequently, the air cools the rectifier 1 2 and the regulator 
18. Thereafter, each of the flows of the air is turned by 
35 the corresponding fan 5 to a centrifugal direction. Thus, 
the air cools the rear-side coil end of the statorcoil 16. 
Then; the air is discharged to the outside through the 
exhaust openings 2b. On the other hand, at the front 
side of the generator, outside air is sucked by the rota- 
*o tion of the fans 5 from the Intake openings la In the axial 
direction. Thereafter, each of theflows of the air is turned 
by the corresponding fan 5 to a centrifugal direction. 
Thus, the air cools the front-side coil end of the stator 
coil 1 6. Then, the air is discharged to the outside through 
*5 the exhaust openings 1b. 

[001 1 ] Next, the structure of the conventional stator 8 
will be concretely described hereinbelow with reference 
to FIGS. 9 to 13. FIG. 9 is a rear elevation illustrating 
the coil connection employed in the conventional stator. 
50 FIG. 10 is a perspective view of a primary part of the 
conventional stator, viewed from the rear side thereof. 
FIG. 11 is a perspective view of the primary part of the 
conventional stator, viewed from the front side thereof. 
FIGS. 12 and 13 are schematic diagrams illustrating a 
55 method of winding the conventional stator colls. 
} [0012] The stator core 15 is formed like a cylinder and 
has a plurality of teeth 15a ( each having a rectangular 
section) provided along the circumference thereof at an 
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equiangular pitch in such a manner as to inwardly radi- 
ally project therefrom. A slot 15b for accommodating the 
coil therein is formed between each pair of adjacent 
teeth 15a. Each of the slots 15b extends in parallel with 
tne axia( dfowfon and is opened to the inner circumfer- 5 
ence of the stator core 15. In the case of this conven- 
tional generator, the rotor 7 has 12 magnetic pole piec- 
es, and the stator 8 has 36 slots 15b. Thus, the number 
of slots per magnetic pole and per phase is 1 . 
[0013] Each of the stator coils 16 is constituted by 10 
(nearly U-shaped) coil pieces 30 as follows. Each of the 
coll pieces 30 has a pair of leg portions 30a connected 
by a nearly V-shaped connecting portion 30b. The leg 
portions 30a of each of the coil pieces 30 are inserted 
into two slots 1 5b, whose slot numbers are different from is 
each other by three, from the rear side of the stator core 
15. Then, open-end portions 30c extending toward the 
front side of the stator core 15 are joined together. Thus, 
the stator coils 16 are constructed. Incidentally, a coil 
conductor is constructed by connecting and integrating 20 
the coil pieces 30. 

[0014] Two coil pieces 30 are inserted into each set 
of the two slots 1 5b, whose slot numbers are by 3, from 
the rear side of the stator core 15, as shown in FIG. 12. 
At that time, 4 leg portions 30a are accommodated in 25 
each of the slots 15b in such a manner as to be radially 
arranged in a line, as illustrated in FIG. 9. Further, the 
leg portions 30a of the outer-circumference-side coil 
piece 30 are inserted into a first place, which is closest 
to the outer circumference, in one of the slots 15b, 30 
whose slot numbers differ from each other by 3, and into 
the second place closest to the outer circumference, in 
the other slot 15b. On the other hand, the leg portions 
30a of the inner-circumference-side coil piece 30 are in- 
serted into a third place, which is the third closest place 35 
to the outer circumference, in one of the slots 15b, 
whose slot numbers differ from each other by 3, and into 
a fourth place, which is the fourth closest place to the 
outer circumference, in the other slot 15b. 
[001 5] Moreover, after the leg portions 30a of each of 40 
the coil pieces 30 are inserted into the slots 15b as 
shown in FIG. 1 2, the open-end portions thereof extend- 
ing toward the front side of the stator core 15 are bent 
in such a way as to outwardly open (that is, bent out- 
wardly circumferentially). Furthermore, the open-end <s 
portion 30c of the coil piece 30 extending to the front 
side of the stator core 1 5 from the second outmost place 
in the corresponding slot 1 5b is made to overlap with 
the open-end portion 30c of another coil piece 30 ex- 
tending to the front side from the first outmost place in 50 
another slot 1 5b, whose slot number differs from that of 
the former slot 15b by 3, as illustrated in FIGS. 11 and 
13. Then, these open-end portions 30c are crimped with 
a clip 29. Subsequently, these open-end portions 30c 
are soldered to each other. Thus, two outer-circumfer- 55 
ence-side coils, each of which consists of the connected 
six outer-circumference-side coil pieces 30, are pro- 
duced. 



[001 6] Similarly, the open-end portion 30c of the coil 
piece 30 extending to the front side of the stator core 1 5 
from the fourth outmost place in the corresponding slot 
15b is made to overlap with the open-end portion 30c of 
another coil piece 30 extending to the front side from the 
third outmost place in another slot 15b, whose slot 
number differs from that of the former slot 1 5b by 3, as 
illustrated in FIGS. 11 and 13. Then, these open-end 
portions 30c are crimped with a clip 29. Subsequently, 
these open-end portions 30c are soldered to each other. 
Consequently, two inner-circumference-side coils, each 
of which consists of the connected six inner-circumfer- 
ence-side coil pieces 30, are produced. 
[0017] Thus, in the two outer-circumference-side coils 
and the two inner-circumference-side coils inserted into 
adjacent two sets of two slots 15b selected at intervals 
of three slots, these coils are cut at the adjoining rear- 
side coil-end portions of these coils, as illustrated in FIG. 
9. . Subsequently, an end portion u 1 ' of one of the inner- 
circumference-side coils is joined with an end portion u2 
of one of the outer-circumference-side coils. Moreover, 
another end portion u2' of this outer-circumference-side 
coil is joined with an end portion u3 of the other inner- 
circumference-side coil. Furthermore, another end por- 
tion u3' of this inner-circumference-side coil is joined 
with an end portion u4 of the other outer-circumference- 
side coil. Thus, a four-turn coil corresponding to one 
phase is obtained. Further, the end portion u1 of the 
former inner-circumference-side coil is connected to the 
rectifier 12 as a lead wire. Moreover, the end portion u4' 
of the latter outer-circumference-side coil is connected 
to a neutral point in a star three-phase connection 
among this coil and coils respectively corresponding to 
other two phases. 

[0018] Furthermore, similarly, the coils respectively 
corresponding to other two phases are produced. 
[001 9] Further, each of the u 1 '-u2 connection portion, 
the u2'-u3 connection portion and the u3'-u4 connection 
portion is not constituted by the connecting portion of 
the coil piece. Instead, these connection portions are 
formed outside the coil end portions, as crossover con- 
nection portions, as illustrated in FIG. 10. Incidentally, 
although three crossover connection portions are 
shown in FIG. 10, the stator actually has coils respec- 
tively corresponding to three phases. Thus, the stator 
has nine crossover connection portions. 
[0020] In the case of the stator 8 constructed in this 
manner, the coil pieces 30 are inserted into the slots 1 5b 
from the rear side thereof. Moreover, the open-end por- 
tions 30c extending to the front side thereof are connect- 
ed to each other as described above. Thus, the coil piec- 
es 30 have almost the same shape. This results in in- 
crease in productivity of stators and easiness in being 
shaped after the fabrication thereof. Consequently, this 
reduces time and effort to perform the step of shaping 
the coil after the coil pieces are inserted into slots and 
connected to each other. 

[0021] Moreover, connection portions for connecting 
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the open-end portions 30c of the coil pieces 30 are con- 
centrated at the front side of the stator. This enhances 
the workability in a process of connecting the open-end 
portions. 

[0022] Incidentally, each "of the nearly U-shaped coil 
pieces 30 is folded back nearly at the center of the cor- 
responding connecting portion 30b. Both leg portions 
30a of each of the coil pieces 30 are deviated from the 
folded-back portion in such a way as to suitably be ac- 
commodated in the slots 15b. Thus, each of the coll 
pieces 30 is inserted at a predetermined angle with re- 
spect to the circumference of the stator 8. Further, the 
longitudinal direction of each of the coil pieces 30 Is a 
radial direction of the stator 8 at the folded-back portion 
thereof. In the slots 15b, one of the leg portions 30a is 
placed along a radius extending from the center of the 
stator core 15, while the other leg portion 30a is placed 
along a different radius of the stator core 15. 
[0023] In this case of the stator 8 constructed in this 
manner, three crossover connection portions are nec- 
essary for connecting between 4-turn coils constituting 
each phase coil. Consequently, the conventional vehic- 
ular AC generator has a problem in that it is necessary 
for forming the crossover connection portions to cut, 
bend and draw the coil pieces 30 excessively and that 
thus, the workability thereof is deteriorated. 
[0024] Thus, an improved statorstructure for reducing 
the number of the crossover connection portions be- 
tween 4-turn coils constituting each phase coil has been 
proposed. 

[0025] FIG. 14 is a rear elevation illustrating the coil 
connection of an improved stator applied to a conven- 
tional vehicular AC generator. FIG. 15 is a perspective 
view of a primary part of the improved stator applied to 
the conventional vehicular AC generator viewed from 
the rear side thereof. 

[0026] As shown in FIGS. 14 and 15, two coil pieces 
30 are inserted from the rear side of the stator core 15 
into each of the slots 1 5b whose slot numbers differ by 
three from each other. At that time, four leg portions 30a 
are axially arranged in a line and accommodated in each 
of the slots 1 5b. Further, two leg portions 30a of each of 
the coil pieces 30 are sequentially inserted into the sec- 
ond outermost place in a slot 15b and the third outer- 
most place in another slot 15b, which is the third slot 
from the former slot 1 5b in the clockwise circumferential 
direction in FIG. 14. Moreover, two leg portions 30a of 
another coil piece 30 are serially inserted into the first 
outermost place in a slot 15b and into the fourth outer- 
most place in another slot 15b, which is the third slot 
from the former slot 1 5b in the clockwise circumferential 
direction in FIG. 14, in such a manner as to stride over 
the connecting portion 30c of the coil piece 30 having 
leg portions precedingly inserted into the second outer- 
most place in a slot 15b and into the third outermost 
place in another slot 1 5b, which is the third slot from the 
former slot 15b. Thus, the rear-side coil end portion is 
configured by stacking the connecting portions 30c of 



the coil pieces 30 as two layers as shown in FIG. 15. 
[0027] Subsequently, in the case of each coil piece 30 
having leg portions respectively inserted into the second 
outermost place in a slot 15b and into the third outermost 

5 place in another slot 1 5b , theopen-end portions thereof 
extending from the slot 1 5b toward the front side of the 
stator core 15 are bent in such a way as to outwardly 
open, that is, bent outwardly. Furthermore, in the case 
of each coil piece 30 having leg portions respectively 

10 inserted into the first outermost place in a slot 1 5b and 
into the fourth outermost place in another slot 15b, the 
open-end portions thereof extending from the slot 15b 
toward the front side of the stator core 15 are bent In- 
wardly, 

is [0028] Furthermore, the open-end portion 30c of the 
coil piece 30 extending to the front side of the stator core 
1 5 from the second outmost place in the corresponding 
slot 1 5b, as indicated by dotted lines in FIG. 1 4, is made 
to overlap with the open-end portion 30c of another coil 
20 piece 30 extending to the front side from the first outmost 
place in another slot 1 5b, whose slot number differs from 
that of the former slot 1 5b by 3 in the counterclockwise 
circumferentially, as illustrated in FIG. 14. Then, these 
open-end portions 30c are crimped with a clip. Subse- 
ts quently, these open-end portions 30c are soldered to 
each other. Similarly, the open-end portion 30c of the 
coil piece 30 extending to the front side of the stator core 
1 5 from the third outmost place in the corresponding slot 
15b, as indicated by dotted lines in FIG. 14, is made to 
30 overlap with the open-end portion 30c of another coil 
piece 30 extending to the front side from the fourth out- 
most place in another slot 15b, whose slot number dif- 
fers from that of the former slot 15b by 3 in the clockwise 
circumferentially, as illustrated in FIG. 14. Then, these 
35 open-end portions 30c are crimped with a clip. Subse- 
quently, these open-end portions 30c are soldered to 
each other. 

[0029] Subsequently, the connecting portion 30b 
(thus, the rear-side coil end portions) is cut off from the 

40 coil piece 30 having leg portions respectively Inserted 
into the second outermost place in one slot of the one 
set of the slots 1 5b, whose slot number differs from each 
other by three, and into the third outermost place in an- 
other slot 15b. Furthermore, the connecting portion 30b 

45 (thus, the rear-side coil end portions) is cut off from the 
coil piece 30 having leg portions respectively inserted 
into the first outermost place in one slot of the one set 
of the slots 15b, whose slot number differs from each 
other by three, and into the fourth outermost place in 

so another slot 15b. 

[0030] Then, end portions u2' cut off from the coil 
peace 30 is connected to end portion u3 of cut off from 
the coil peace 30. Thus, first and second coils each 
which consists of twelve connected coil pieces 30 are 

55 connected at this u2'-u3 connection portion. Conse- 
quently, a four-turn coil constituted by connecting 24 coil 
pieces 30 is obtained. 

[0031] Further, end portions u1 and u4' of the coil 
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pieces 30, which are cut off therefrom, respectively ex- 
tend from the second end fourth places in the slots 1 5b 
to the rear side of the stator core 15, as illustrated in 
FIG. 15. The end portion ul acts as a lead wire, and the 
end portion u4' is connected to a neutral point. 
[0032] Furthermore, coils corresponding to other two 
phases are similarly produced. Further; the end portion 
u1 of the cut coil piece 30 is connected to the rectifier 
12 as a lead wire. Moreover, the end portion u4' of the 
coil piece 30 is connected to a neutral point in a star 
three-phase connection among this coil and coils re- 
spectively corresponding to other two phases. Thus, a 
stator 8A is obtained. 

[0033] Incidentally, although one u2'-u3 connection 
portion served for crossover connection portion is 
shown in FIG 15, the stator has coils respectively cor- 
responding to three phases. Thus, the stator has three 
crossover connection portions. 
[0034] In the improved stator coil 1 6A constructed in 
this manner, the number of the crossover connection 
portions is reduced to three. 

[0035] Thus, the work load of cutting, bending and 
drawing the coil pieces 30 so as to form the crossover 
connection portion is alleviated. Consequently, the 
workability thereof is considerably enhanced. 
[0036] In this conventional vehicular AC generator, 
each of constituent phase coils of the stator coils 1 6 of 
the stator 8 is constituted by a four-turn coil. The cross- 
over connection portion of each turn is provided at the 
side opposite to the part connecting the open-end por- 
tions 30c. Moreover, the crossover connection portion 
of each turn protrudes outwardly axially f rom the coil end 
portion. 

[0037] Although the height of the coil end portion at 
the side of the connecting portion 30b of each of the coil 
pieces 30 (namely, the dimension of a part projecting 
from the end surface of the stator core 15) can be re- 
duced, the crossover connection portion of each turn 
outwardly axially protrudes from the aligned coil end 
portions, so that the wind resistance at the discharge 
side of each of the fans increases. Consequently, the 
total air quantity of the fans decreases, and the cooling 
ability of the generatoris degraded. Especially, when the 
axial height of the rear-side coil end portion is large, the 
ability to cool rear-side internal fittings, such as the rec- 
tifier 12 and the regulator 18, is adversely affected. 
[0038] Furthermore, unaligned large coil end portions 
are placed at the discharge side of the fans. Thus, the 
conventional vehicular AC generator has a problem in 
that higher-order discomfort interference noises are 
generated between the coil end portion and the fan 5 or 
the coil end portion and the shoulder of each of the claw- 
like magnetic pole piece 23 of the pole core 21 and that 
thus, wind noises are loud. 

[0039] Moreover, the conventional vehicular AC gen- 
erator has another problem in that it is necessary for 
connecting 4-turn coils to cut, bend and draw the coil 
pieces 30 and that thus, the workability thereof is ex- 



tremely deteriorated. 

[0040] Additionally, the conventional vehicular AC 
generator has another problem in that, owing to vibra- 
tions thereof, a break is liable to occur in the crossover 
s connection portions and that thus, the risk of power-gen- 
eration failure is increased. 

[0041] On the other hand, in the stator coil 1 6A of the 
improved stator 8A, the number of the crossover con- 
nection portion between four-turn coil constituting each 

10 of constituent phase coils is reduced to one. Thus, the 
work load of cutting, bending and drawing the coil pieces 
30 so as to form the crossover connection portion is al- 
leviated. Consequently, the workability in winding the 
stator coil is considerably enhanced. However, in the 

*5 stator coil 1 6 A, apex portions 30d of the connecting por- 
tions 30b of the coil pieces 30 are axially stacked as two 
layers and are circumferentially arranged, so that the 
height of the coil end portion is large and the wind re- 
sistance at the discharge side of each of the fans in- 

20 creases. Consequently, the total air quantity of the fans 
decreases, and the cooling ability of the generator is de- 
graded. 

[0042] Furthermore, the apex portions 30d of the con- 
necting portions 30b are axially stacked as two layers, 

25 so that inner connecting portions 30b are covered by 
outer connecting portions 30b. Thus, in the soldering 
process of the open-end portions of the coil pieces 30, 
even if the stator core 15 is chucked and a plane jig is 
held to the apex portions 30d of the connecting portions 

30 30b, the open-end portions 30c thereof are of unequal 
height. In this case, even if the length of the leg portions 
of each coil piece 30 is preliminary adjusted so as to be 
able to make the open-end portions 30c of uniform 
height by holding the plane jig to the apex portions 30d 

35 of the connecting portions 30b, the open-end portions 
30c thereof are of unequal height as the plane jig is not 
in contact with the apex portions 30d of the inner con- 
necting portions 30b. Consequently, as the inner coil 
pieces 30 are soldered in such an unstable condition, 

to the workability in soldering between the open-end por- 
tions 30c, that is, the workability in winding the stator 
coil is extremely deteriorated. 

SUMMARY OF THE INVENTION 

45 

[0043] The present invention is accomplished to solve 
the aforementioned problems of the conventional vehic- 
ular AC generator. Accordingly, an object of the present 
invention is to provide a vehicular AC generator, which 
so enhances the workability in winding the stator coil and 
prevents deterioration in. ability to cool devices and in- 
crease in wind noises due to the projection of crossover 
connection portions from coil end portions by devising 
a coil winding structure so as to reduce and omit the 
55 crossover connection portions of turns of each constit- 
uent phase coil and to expose apex portions of connect- 
ing portions of coil pieces. 

[0044] To achieve the foregoing object, according to 
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an aspect of the present invention, there is provided a 
vehicular AC generator comprising; 

a shaft rotatably supported on a pair of brackets; 
a rotor fixed to the shaft and disposed in said pair 
of brackets; 

a stator disposed at an outer-circumference-side of 
said rotor and fixed to said pair of brackets; 
internal fittings placed at a rear side of said rotor; 
and 

a fan driven by a rotation of said shaft and for form- 
ing a flow of cooling airf lowing along an axis of said 
shaft, 

wherein said stator comprising: 

a stator core in which a plurality of slots, whose 
grooves extend in an axial direction, are circumfer- 
entially provided at an equiangular pitch so as to 
open on an inner circumference side thereof; and 
a stator coil formed by AC connection of four-turn 
phase coils constructed by serially inserting coil 
conductors into said slots separated by a predeter- 
mined interval of said slots, said coil conductors be- 
ing arranged four in a line In a radial direction, 

and wherein each of said phase coils comprises: 

nearly U-shaped first coil pieces, which constitute 
said coil conductors, inserted from an axial side into 
two adjacent sets of two of said separated slots, re- 
spectively, so that said first coil pieces are respec- 
tively positioned at a third outermost place in one 
slot of each of said two sets and at a second outer- 
most place in the other slot of each of said two sets, 
and remaining first coil pieces inserted from an axial 
side into remaining sets of two of said separated 
slots, respectively, so that one of said remaining first 
coil pieces is respectively positioned at a first out- 
ermost place in one slot of each of said remaining 
sets and at a second outermost place in the other 
slot of each of said remaining 
sets and that another of said remaining first coil 
pieces is respectively positioned at a third outer- 
most place in said one slot of each of said remaining 
sets and at a fourth outermost place in the other slot 
of each of said remaining sets; 
second coil pieces, which constitute said coil con- 
ductors, inserted into said two sets of two of said 
separated slots, respectively, so that said second 
coil pieces are respectively positioned at a first out- 
ermost place in said one slot of each of said two 
sets and at a fourth outermost place of the other slot 
of each of said two sets and that end portions of 
said second coil piece extend from each slot of said 
two sets to both axial sides; 
a two-turn first coil formed by connecting an end 
portion of each of said first coil pieces, which extend 



from the second outermost place in each of said 
slots to an axial opposite side and are bent circum- 
ferentially outwardly, to a corresponding end portion 
of said first and second coil pieces, which extend 
from the" first oufe rmost place of said slot, whose 
slot number differs from that thereof by the prede- 
termined interval of said slots, to the axial opposite 
side and are bent circumferentially outwardly; 
a two-turn second coil formed by connecting an end 
portion of each of said first and second coil pieces, 
which extend from the fourth outermost place in 
said slots to the axial opposite side and are bent 
circumferentially outwardly, to a corresponding end 
portion of said first coil pieces, which extends from 
the third outermost place in said slot, whose slot 
number differs from that thereof by the predeter- 
mined interval of said slots, to the axial opposite 
side and is bent circumferentially outwardly; and 
a crossover connection portion between said first 
and second coils formed by connecting one of first 
and second sets of end portions of said second coil 
pieces, said first set of end portions of said second 
coil piece extending from the first outermost place 
in said one slot of each of said two sets to the axial 
side, said second set of end portions of said second 
coil piece extending from the fourth outermost place 
in the other slot of each of said two sets to the axial 
side, the other set of end portions being used as a 
lead wire and a wire connected to a neutral point 
formed among said phase coils. 

[0045] According to another aspect of the present in- 
vention, there is provided a vehicular AC generator com- 
prising: 

a shaft rotatably supported on a pair of brackets; 
a rotor fixed to said shaft and disposed in said pair 
of brackets; 

a stator disposed at an outer-circumference-side of 
said rotor and fixed to said pair of brackets; 
internal fittings placed at a rear side of said rotor; 
and 

a fan driven by a rotation of said shaft and for form- 
ing a flow of cooling air flowing along an axis of said 
shaft, 

wherein said stator comprises: 

a stator core in which a plurality of slots, whose 
grooves extend in an axial direction, are circumfer- 
entially provided at an equiangular pitch so as to 
open on an inner circumference side thereof; and 
a stator coil formed by AC connection of four-turn 
phase coils constructed by serially inserting coil 
conductors into said slots separated by a predeter- 
mined interval of said slots, said coil conductors be- 
ing arranged four in a line in a radial direction, 
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and wherein each of said phase coils comprises: 

one of nearly U-shaped first coil pieces, which con- 
stitute said coil conductors, inserted from an axial 
side into one set of two of said separated slots so 5 
that said first coil piece is respectively positioned at 
a first outermost place in one slot of said one set 
and at a third outermost place in the other slot of 
said one set, and remaining first coil pieces inserted 
from an axial side into remaining sets of two of said 10 
separated slots, respectively, so that one of said re- 
maining first coll pieces is respectively positioned 
at a first outermost place in one slot of each of said 
remaining sets and at a fourth outermost place in 
the other slot of each of said remaining sets and that is 
another of said remaining first coil pieces is respec- 
tively positioned at a second outermost place in said 
one slot of each of said remaining sets and at a third 
outermost place in the other slot of each of said re- 
maining sets; and 20 
second coil pieces, which constitute said coil con- 
ductors, inserted into said one set of two of said sep- 
arated slots so that said second coil pieces are re- 
spectively positioned at a second outermost piace 
in said one slot of said one set and at a fourth out- 25 
ermost place of the other slot of said one set and 
that end portions of said second coil piece extend 
from each slot of said one set to both axial sides, 
wherein one of said remaining first coil pieces, 
which are respectively inserted from the axial side 30 
into the first outermost piace in one slot of each of 
said remaining sets and the fourth outermost place 
in the other slot of each of said remaining sets, is 
respectively placed in each gap formed between 
another of said remaining first coil pieces, which are 35 
respectively inserted from the axial side into the 
second outermost place in said one slot of each of 
said remaining sets and the third outermost place 
in the other slot of each of said remaining sets, at 
said connecting portion thereof by setting heights 40 
of apex portion of said connecting portion at an 
equal value, 

wherein a four-turn coil is formed by connecting an 
end portion of each of said first and second coil piec- 
es, which extend from the second outermost place 45 
in each of said slots to an axial opposite side and 
are^bent circumferentially outwardly, to a corre- 
sponding end portion of said first coil pieces, which 
extend from the first outermost place of said slot, 
whose slot number differs from that thereof by the so 
predetermined interval of said slots, to the axial op- 
posite side and are bent circumferentially inwardly 
and by connecting an end portion of each of said 
first and second coil pieces, which extend from the 
fourth outermost piace in said slots to the axial op- 55 
posite side and are bent circumferentially inwardly, 
is connected to a corresponding end portion of said 
first coil pieces, which extends from the third outer- 



most place in said slot, whose slot number differs 
from that thereof by the predetermined interval of 
said slots, to the axial opposite side and is bent cir- 
cumferentially outwardly, 

and wherein an end portion of said second coil 
piece extending from the second outermost place 
in said one slot of said one set to the axial side and 
an end portion of said second coil piece extending 
from the fourth outermost place in the other slot of 
said one set to the axial side are used as a lead wire 
and a wire connected to a neutral point formed 
among said phase coils. 

[0046] According to another aspect of the present in- 
vention, there is provided a vehicular AC generator com- 
prising: 

a shaft rotatably supported on a pair of brackets; 
a rotor fixed to said shaft and disposed in said pair 
of brackets; 

a stator disposed at an outer-circumference-side of 
said rotor and fixed to said pair of brackets; 
internal fittings placed at a rear side of said rotor; 
and 

a fan driven by a rotation of said shaft and for form- 
ing a flow of cooling air flowing along an axis of said 
shaft, 

wherein said stator comprises: 

a stator core in which a plurality of slots, whose 
grooves extend in an axial direction, are circumfer- 
entially provided at an equiangular pitch so as to 
open on an inner circumference side thereof; and 
a stator coil formed by AC connection of four-turn 
phase coils constructed by serially inserting coil 
conductors into said slots separated by a predeter- 
mined interval of said slots, said coil conductors be- 
ing arranged four in a line in a radial direction, 

and wherein each of said phase coils comprises: 

one of nearly U-shaped first coil pieces, which con- 
stitute said coil conductors, inserted from an axial 
side into one set of two of said separated slots so 
that said first coil piece is respectively positioned at 
a first outermost place in one slot of said one set 
and at a fourth outermost place in the other slot of 
said one set, and remaining first coil pieces inserted 
from an axial side into remaining sets of two of said 
separated slots, respectively, so that one of said re- 
maining first coil pieces is respectively positioned 
at a first outermost place in one slot of each of said 
remaining sets and at a third outermost place in the 
other slot of each of said remaining sets and that 
another of said remaining first coil pieces is respec- 
tively positioned at a second outermost place in said 
one slot of each of said remaining sets and at a 
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fourth outermost place in the other slot of each of 
said remaining sets; and 

second coil pieces, which constitute said coil con- 
ductors, inserted into said one set of two of said sep- 
arated slots so that said second coil pieces are re- 
spectively positioned at a second outermost place 
in said one slot of said one set and at a third outer- 
most place of the other slot of said one set and that 
end portions of said second coil piece extend from 
each slot of said one set to both axial sides, 
wherein a four-turn coil is formed by connecting an 
end portion of each of said first and second coil piec- 
es, which extend from the second outermost place 
in each of said slots to an axial opposite side and 
are bent circumferentially outwardly, to a corre- 
sponding end portion of said first coil pieces, which 
extend from the first outermost place of said slot, 
whose slot number differs from that thereof by the 
predetermined interval of said slots, to the axial op- 
posite side and are bent circumferentially inwardly 
and by connecting an end portion of each of said 
first coil pieces, which extend from the fourth outer- 
most place in said slots to the axial opposite side 
and are bent circumferentially outwardly, to a cor- 
responding end portion of said first and second coil 
pieces, which extends from the third outermost 
place in said slot, whose slot number differs from 
that thereof by the predetermined interval of said 
slots, to the axial opposite side and is bent circum- 
ferentially inwardly; 

and wherein end portions of said second coil piece 
extending from the second outermost place in said 
one slot of said one set to the axial side and from 
the third outermost place in the other slot of said 
one set to the axial side are used as a lead wire and 
a wire connected to a neutral point formed among 
said phase coils. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] Other features, objects and advantages of the 
present invention will become apparent from the follow- 
ing description of preferred embodiments with reference 
to the drawings in which like reference characters des- 
ignate like or corresponding parts throughout several 
views, and in which: 

FIG. 1 is a rear elevation illustrating the coil connec- 
tion of a stator applied to a vehicular AC generator, 
which is afirst embodiment of the present invention; 
FIG. 2 is a perspective view of a primary part of the 
stator applied to the vehicular AC generator, which 
is the first embodiment of the present invention, 
viewed from the rear side thereof; 
FIG. 3 is a sectional diagram showing the vehicular 
AC generator, which is the first embodiment of the 
present invention; 

FIG. 4 is a rear elevation illustrating the coil connec- 



tion of a stator applied to a vehicular AC generator, 
which is a second embodiment of the present inven- 
tion; 

FIG. 5 is a perspective view of a primary part of the 

s stator applied to the vehicular AC generator, which 
is the second embodiment of the present invention, 
viewed from the rear side thereof; 
FIG. 6 is a rear elevation illustrating the coil connec- 
tion of a stator applied to a vehicular AC generator, 
io which is a third embodiment of the present inven- 
tion; 

FIG. 7 is a perspective view of a primary part of a 
stator applied to a vehicular AC generator, which is 
the third embodiment of the present invention; 

*s FIG. 8 is a sectional diagram showing the conven- 
tional vehicular AC generator; 
FIG. 9 is a rear elevation illustrating the coil connec- 
tion applied to a conventional stator; 
FIG. 10 is a perspective view of a primary part of 

20 the conventional stator, viewed from the rear side 
thereof; 

FIG. 11 is a perspective view of the primary part of 
the conventional stator, viewed from the front side 
thereof; 

25 FIGS. 12 and 13 are schematic diagrams illustrating 
a method of winding the conventional stator coils; 
FIG. 14 is a rear elevation illustrating the coil con- 
nection of another conventional stator applied to the 
conventional vehicular AC generator, and 

50 FIG. 15 is a perspective view of a primary part of 
another conventional stator applied to the conven- 
tional vehicular AC generator. 

DETAILED DESCRIPTION OF THE PREFERRED 
35 EMBODIMENTS 

[0048] Hereinafter, the preferred embodiments of the 
present invention will be described in detail by referring 
to the accompanying drawings. 

40 

First Embodiment 

[0049] FIG. 1 is a rear elevation illustrating the coil 
connection of a stator applied to a vehicular AC gener- 
is ator, which is the first embodiment of the present inven- 
tion. FIG. 2 is a perspective view of a primary part of the 
stator applied to the vehicular AC generator, which is 
the first embodiment of the present invention, viewed 
from the rear side thereof. 
50 [0050] A stator 35 of the first embodiment consists of 
a stator core 15 and a stator coil 36. Similarly as in the 
case of the conventional stator coil 1 6, the stator coil 36 
is constituted by (nearly U-shaped) coil pieces 30 as fol- 
lows. Each of the coil pieces 30 has a pair of leg portions 
55 30a connected by a nearly V-shaped connecting portion 
30b. The leg portions 30a of each of the coil pieces 30 
are inserted into two slots 15b, whose slot numbers are 
different from each other by three, from the rear side of 
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15 . 

thestatorcore 15. Then, open-end portions 30c extend- 
ing toward the front side of the stator core 1 5 are joined 
together. However, the number of crossover connection 
portions of each phase coil is reduced to 1 by devising 
a coil wiring method. 

[0051] Next, the structure of the stator 35 will be de- 
scribed hereinbelow with reference to FIGS. 1 and 2. 
[0052] Two coil pieces 30 are inserted from the rear 
side of the stator core 1 5 into each set of the slots 1 5b 
whose slot numbers differ by three from each other. At 
that time, four leg portions 30a are radially arranged in 
a line and accommodated in each of the slots 15b. Fur- 
ther, two leg portions 30a of each of the outer-circum- 
ference-side coil piece 30 are respectively inserted into 
the first outermost place in a slot 1 5b and the second 
outermost place in another slot 15b, which is the third 
slot from the former slot 15b in the. clockwise circumfer- 
ential direction in FIG. 1 . On the other hand, two leg por- 
tions 30a of each of the inner-circumference-side coil 
piece 30 are respectively inserted into the third outer- 
most place in a slot 15b and the fourth outermost place 
in another slot 1 5b , which is the third slot from the former 
slot 15b in the clockwise circumferential direction in FIG. 
1 . Thus, a rear-side coil end portion 36r is configured by 
arranging in the circumferential direction the apex por- 
tions (return portion) of the connecting portions 30b of 
the coil pieces 30 aligned in two rows In the radial direc- 
tion as shown in FIG. 2. 

[0053] Incidentally, the slot inserting positions, into 
which leg portions of a coil piece 30 are inserted, in each 
of adjacent two sets of the slots 15b, whose slot num- 
bers differfrom each otherby three, are set to differ from 
those in other sets of such two slots 1 5b. Namely, in the 
former set of two slots 15b, the leg portions of one coil 
piece 30 are respectively inserted into the first outer- 
most place in one of these two slots 1 5b from the outer- 
circumference and into the fourth outermost place in the 
other slot 15b, whose slot number differs from that of 
the former slot 15b by three in the clockwise circumfer- 
ence, direction in FIG. 1. Moreover, the leg portions of 
another coil piece 30 are respectively inserted into the 
third outermost place in one of these two slots 15b and 
into the second outermost place in the other slot 15b, 
whose slot number differs from that of the former slot 
15b by three in the clockwise circumferential direction 
in FIG. 1. 

[0054] Additionally, the former coil piece 30 corre- 
sponds to a second coil piece, which has leg portions 
respectively inserted into the first outermost place in one 
of these two slots 15b from the outer-circumference and 
into the fourth outermost place in the other slot 15b, 
whose slot number differs from that of the former slot 
1 5b by three in the clockwise circumference direction in 
FIG. 1 . The other coil piece 30 corresponds to a first coil 
piece. 

[0055] Further, each of the coil pieces 30 is folded 
back at the apex portion 30d of the connecting portion 
30b so that a pair of leg portions 30a thereof are devi- 



ated from each other in the radial direction in FIG: 1. 
Moreover, each of coil pieces 30A and 30B, which has 
leg portions respectively inserted into the third outer- 
most place in one of two slots 15b and into the second 

5 outermost place in th"e other slot 15b whose slot number 
differs from that of the former slot 15b by three in the 
clockwise circumferential direction, is adapted so that 
the direction, in which the leg portions thereof are folded 
back at the apex portion 30d of the connecting portion 

w 30b, is opposite to such a direction in the case of other 
coil pieces 30 so as to suppress the interference from 
those coil pieces 30. 

[0056] Consequently, the rear-side coil end portion 
36r is configured by arranging in the circumferential di- 

w rection the apex portions (return portion) of the connect- 
ing portions 30b of the coil pieces 30 aiigned in two rows 
in the radial direction as shown in FiGS. 1 and 2. 
[0057] Furthermore, after the leg portions of each of 
the coil pieces 30 are inserted into the slots 15b, the 

20 open-end sides extending toward the front side are out- 
wardly bent. Further, as indicated by dotted lines in FIG. 
1 , the open-end portion 30c of the coil piece 30, which 
extends to the front side from the second outermost 
place of a slot 15b, is made to overlap with the open- 

25 end portion 30c of another coil piece 30 extending to the 
front side from thefirst outmost placein another slot 15b, 
whose slot number differs from that of the former slot 
15b by three. Then, these open-end portions 30c are 
crimped with a clip. Subsequently, these open-end por- 

30 tions 30c are soldered to each other. Thus, two-turn out- 
er-circumference-side coil (namely, a first coil), which 
consists of twelve connected outer-circumference-side 
coil pieces 30, are produced. Similarly, the open-end 
portion 30c of the coil piece 30 extending to the front 

35 side of the stator core 1 5 from the fourth outmost place 
in the corresponding slot 15b is made to overlap with 
the open-end portion 30c of another coil piece 30 ex- 
tending to the front side from the third outmost place In 
another slot 1 5b, whose slot number differs from that of 

*o the former slot 15b by 3, as indicated by dotted lines in 
FIG. 1 . Then, these open-end portions 30c are crimped 
with a clip. Subsequently, these open-end portions 30c 
are soldered to each other. Consequently, two-turn in- 
ner-circumference-side coil (namely, a second coil), 

<5 which consists of twelve connected inner-circumfer- 
ence-side coil pieces 30, are produced. 
[0058] Then, the connecting portions 30b (thus, the 
rear-side coil end portions) are cut off from each coil 
piece 30 having leg portions respectively inserted into 

50 the first outermost place in one slot of two sets of the 
slots 1 5b and into the fourth outermost place in another 
slot 1 5b, whose slot number differs by three from that of 
the former slot 15b in the clockwise circumferential di- 
rection in FIG. 1 . Subsequently, end portions u2' and u3 

55 of each coil piece 30, which are cut off and extend from 
the first outermost place in the slot 15b, are made to 
overlap with each other and joined together. Thus, a 
four-turn coil corresponding to a phase is produced. 
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Thus, in a one-phase constituent coil of the stator coil 
36, end portions ul and u4' of each of the cut coil pieces 
30 extend from the fourth outermost place in the slot 1 5b 
to the rear side of the stator core 1 5, as shown in FIG. 2. 
[0059] " Moreover, coils corresponding to other two s 
phases are similarly produced. Furthermore, the end 
portion ul of the cut coil piece 30 is connected to the 
rectifier 12 as a lead wire. Moreover, the end portion u4" 
of another coil piece 30 is connected to a neutral point 
in a star three-phase connection among this coil and to 
coils respectively corresponding to other two phases. 
[0060] Further, each of the u1 '-u2 connection portion 
and the u3*-u4 connection portion, which are necessary 
for the conventional stator coil 16, are replaced with the 
coil pieces 30A and 30B, each of which has leg portions 15 
respectively inserted into the third outermost place in 
one of the slots 1 5b and into the second outermost place 
in another slot 1 5b, whose slot number differs from that 
of the former slot 15b by three in the circumferential di- 
rection. Thus, only one crossover connection portion 20 
u2'-u3 still remains in the stator Incidentally, because 
the stator actually has coils respectively corresponding 
to three phases, the stator has three crossover connec- 
tion portions. 

[0061] In this first embodiment, the coil pieces 30 are 25 
inserted into the slots 15b from the rear side thereof, 
similarly as in the conventional generator Moreover, the 
open-end portions 30c extending to the front side there- 
of are connected to each other as described above. 
Thus, stator coils 36 are produced. Consequently, the 30 
coil pieces 30 have almost the same shape. This results 
in increase in productivity of stators and easiness in be- 
ing shaped after the fabrication thereof. Consequently, 
this reduces time and effort to perform the step of shap- 
ing the coil after the coil pieces are inserted into slots 35 
and connected to each other Furthermore, connection 
portions for connecting the open-end portions 30c of the 
coil pieces 30 are concentrated at the front side of the 
stator. This enhances the workability in a process of con- 
necting the open-end portions. ao 
[0062] According to the first embodiment, the number 
of the crossover connection portions between 4-turn 
coils constituting constituent phase coil of the stator coil 
36 is reduced to 1 . Thus, the work load of cutting, bend- 
ing and drawing the coil pieces 30 so as to form the 45 
crossover connection portion is alleviated. Consequent- 
ly, the workability thereof is considerably enhanced. 
Moreover, the risk of a break in the crossover connection 
portion due to vibrations of the vehicular AC generator 
is reduced. Consequently, an occurrence of power-gen- so 
eration failure owing to the break in the crossover con- 
nection portion is prevented. 
[0063] Further, the crossover connection portion u2'- 
u3 is configured by overlapping and connecting the end 
portions u2* and u3 of each coil piece 30, which extend 55 
toward the rear side thereof from the first outermost 
place in the slots 1 5b after cut off at the connecting por- 
tions. Thus, this crossover connection portion is placed 



at the outer-diameter-side of the coil end portion and 
positioned between the coil end portion and the bracket. 
Therefore, neither the height of the coil end portion nor 
the wind resistance at the discharge side of the fans is 
increased by forming the crossover connection portion. 
Consequently, the total air quantity of the fans is re- 
strained from decreasing, so that the temperature of 
each part of the generator is prevented from rising. 
Moreover, the connecting portion 30b of the coil piece 
30, which serves to reduce the height of the coil end 
portion, is placed at the rear side of the stator. Thus, the 
wind resistance decreases at the discharge side of the 
rear-side fan. Consequently, the rear-side Internal fit- 
tings, such as the rectifier 12 and the regulator 18, are 
efficiently cooled. 

[0064] Furthermore, the rear-side coil end portions 
have no axial projections due to the crossover connec- 
tion portion. This prevents the generation of higher-or- 
der discomfort interference noises between the coil end 
portion and the fan 5 or the coil end portion and the 
shoulder of the claw-like magnetic pole 23 of the pole 
core 21 . Consequently, wind noises are reduced. 
[0065] Additionally, in the conventional generator, a 
mixed condition of the crossover connection portion and 
the constituent coils of the coil end portions is apt to 
damage the coils. However, in the case of this stator coll 
36, the crossover connection portion is placed atthe out- 
side-diameter side of the coil end portion, so that the 
coiis are prevented from being damaged and that high 
quality output and performance are achieved. 
[0066] Furthermore, the apex portions 30d of the con- 
necting portions 30b of coil pieces 30 constituting the 
stator coil 36 are aligned as two rows in the radial direc- 
tion and are arranged in the circumferential direction, so 
that the height of the coil end portion is small and the 
wind resistance at the discharge side of each of the fans 
decreases. Consequently, the total air quantity of the 
fans increases, and the cooling ability of the generator 
is enhanced. 

[0067] The apex portions 30d of the connecting por- 
tions 30b are exposed in the axial direction, so that the 
open-end portions 30c thereof are of the same uniform 
height by chucking the stator core 15 and holding a 
plane jig to the apex portions 30d of the connecting por- 
tions 30b of all coil pieces 30 in the jointing process of 
the open-end portions of the coil pieces 30 before the 
open-end portions 30c are jointed. Thus, when the 
open-end portions 30c are jointed, the height of the 
open-end portions 30c are maintained uniformly, so that 
the open-end portions 30c are jointed in such a stable 
condition and the workability in jointing between the 
open-end portions 30c is enhanced. 
[0068] Furthermore, the height of the coil end portion 
constituted by the connecting portions 30b of the coil 
pieces 30 in the axial direction is smaller than that of the 
coil end portion constituted by jointing the open-end por- 
tions 30c thereof. The coil end portion constituted by the 
connecting portions 30b of the coil pieces 30 is disposed 
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at the rear side. Thus, the height of the rear-side coin 
end portion 36r is lower than that of a front-side coil end 
portion 36f so that the wind resistance at the rear side 
decreases, that is, the air quantity at the rear side in- 
creases.- Consequently, the rear-side interna! fittings, s 
such as the rectifier 12 and the regulator 18, are effi- 
ciently cooled. 

[0069] As the fans 5 are disposed at both axial ends 
of the rotor 7, a front-side cooling air path in which the 
outer air is sucked in from the intake openings la, cools w 
the front-side coil end portion of the stator coil 36 and 
then is discharged to the outside from the exhaust open- 
ing 1 b and a rear-side cooling air path in which the outer 
air is sucked in from the intake openings 2a, respective- 
ly, cooling the rectifier 1 2 and the regulator 1 8, cools the is 
rear-side coil end portion of the stator coil 36 and then 
is discharged to the outside from the exhaust opening 
2b are formed, realizing the good cooling ability. 
[0070] In the first embodiment, it is to be desired that 
the axial lap amount between the front-side coil end por- 20 
tion and the fan 5 is larger than that between the rear- 
side coil end portion and the fan 5. Accordingly, the rear- 
side cooling air path has a high wind resistance as the 
rectifier 1 2 and the regulator 1 8 are disposed in the rear- 
side cooling air path. On the other hand, the front-side 25 
cooling air path has a low wind resistance as there is no 
internal fittings in the front-side cooling air path. Thus, 
the wind resistance of the rear-side cooling air path due 
to the rear-side coil end portion is restrained from in- 
creasing by decreasing the axiai lap amount between 30 
the rear-side coil end portion and the fan 5, so that the 
rectifier 1 2 and the regulator 1 8 are efficiently cooled by 
the cooling air flowing through the rear-side cooling air 
path. On the other hand, the wind resistance of the front- 
side cooling air path is not particularly increased even if 35 
the axial lap amount between the front-side coil end por- 
tion and the fan 5 is increased, because the front-side 
cooling air path has a low wind resistance due to no in- 
ternal fittings. Further, since there is no internal fittings 
in the front-side cooling air path, it is possible to sup- <o 
press temperature increases in the cooling air flowing 
through -the front-side cooling air path and the area of 
the front-side coil end portion on which the cooling air 
hits is increased. Thus, the large area of the front-side 
coil end portion is exposed to the cooling air, enabling 45 
temperature increases in the stator coil to be efficiently 
suppressed. 

[0071] * Furthermore, in the first embodiment, ft is to be 
desired that gaps between the apex portion of the rear- 
side coil end portion and the opposite plane of the rear so 
bracket 2 opposite to the apex portion thereof, between 
the apex portion thereof and the rectifier 1 2 and between 
the apex portion thereof and the regulator 18 are uni- 
formly formed in the circumferential direction. Accord- 
ingly, the cooling air paths constituted by the apex por- 55 
tion of the coil end portion and the opposite plane of the 
rear bracket 2, and by the apex portion of the coil end 
portion and the rectifier 12 and the regulator 18 are 



formed so as to have a uniform gap in the circumferential 
direction, respectively. Thus, it is possible to suppress 
fluctuations in the wind resistance of the cooling air 
paths in the circumferential direction. Consequently, 
overall wind resistance of the cooling air path is reduced, " 
enabling the good cooling ability of the rectifier 12 and 
the regulator 18 to be secured. 
[0072] Furthermore, in the first embodiment, it is to be 
desired that the front-side exhaust wind volume is larger 
than the rear-side exhaust wind volume. Accordingly, 
the front-side exhaust air which is possible to cool the 
coil end portion efficiently increases in wind volume 
compared with the rear-side exhaust air, enabling . Con- 
sequently, the stator coil is efficiently cooled, enabling 
temperature increases in the rectifier 12 and the regu- 
lator 18 to be suppressed. Furthermore, the front-side 
exhaust wind volume having a low wind resistance in- 
creases compared with the rear-side exhaust wind vol- 
ume having a high wind resistance, preventing wind 
noise from being deteriorated. 
[0073] Incidentally, in the foregoing description of the 
first embodiment, it has been described that the leg por- 
tions of the nearly U-shaped coil pieces are inserted into 
the first outermost place in one of two slots 15b, whose 
slot numbers differ from each other by three, and into 
the fourth outermost place in the other slot 15b, whose 
slot number differs from that of the former one 15b in 
the clockwise circumferential direction in FIG. 1 , and 
that the connecting portions 30b (namely, the rear-side 
coil end portions) of the coil pieces 30 are, thereafter, 
cut off. However, the present invention is not limited to 
this generator. The generator according to be present 
invention may be adapted so that rod-like coil pieces are 
inserted into the first outermost place in one of two slots 
1 5b, whose slot numbers differ from each other by three, 
and into the fourth outermost place in the other slot 1 5b, 
whose slot number differs from that of the former one 
15b in the clockwise circumferential direction in FIG. 1 
in such a way as to axially extend to both sides thereof. 
This obviates the necessity of cutting off the connecting 
portions 30b of the coil pieces 30. 
[0074] Further, in the first embodiment, ft has been de- 
scribed that the crossover connection portion u2'-u3 is 
configured by overlapping and connecting the end por- 
tions u2' and u3 of each coil piece 30, which extend to- 
ward the rear side thereof from the first outermost place 
in the slots 15b after cut off at the connecting portions. 
However, the crossover connection portion u2*-u3 may 
be configured by overlapping and connecting the end 
portions ul and u4' of each coil piece 30, which extend 
toward the rear side thereof from the fourth outermost 
place in the slots 1 5b after cut off at the connecting por- 
tions. In this case, the end portions u2' and u3 of each 
coil piece 30, which extend toward the rear side thereof 
from the first outermost place in the slots 15b after cut 
off at the connecting portions, are connected to the rec- 
tifier 12 as a lead wire and to a neutral point in a star 
three-phase connection among this coil and coils re- 
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spectively corresponding to other two phases, respec- 
tively. 

[0075] Furthermore, in the first embodiment, it has 
been described that the apex portions 30d of the con- 
necting portions of the coil pieces 30 constituting the sta- 
tor coil 36 are radially aligned in two rows and are ar- 
ranged in the circumferential direction. However, the 
apex portions 30d may be arranged in a single row in 
the circumferential direction, enabling the same effects 
to be achieved. 

[0076J Furthermore, in the first embodiment, it has 
been described that the fans 5 are fixed to both axial 
ends of the rotor 7. However, the fans 5 are not neces- 
sarily disposed at both axial ends of the rotor 7. The fan 
5 may be fixed to the only rear-side axial end of the rotor 
7. In this case, though cooling efficiency in the front-side 
coil end portion is reduced, a flow of the cooling air is 
formed by the rotation of the fan 5 at the rear side, cool- 
ing the rectifier 1 2 and the regulator 1 8 and then cooling 
the rear-side coil end portion, enabling temperature in- 
creases in the stator coil to be suppressed. Further, the 
' fan 5 is disposed at only the rear side of the rotor 7, 
enabling costs to be lowered. 

Second Embodiment . 

[0077] FIG. 4 is a rear elevation illustrating the coil 
connection of a stator applied to a vehicular AC gener- 
ator, which is the second embodiment of the present in- 
vention. FIG. 5 is a perspective view of a primary part 
ofthestatorappliedtothevehicularAC generator, which 
is the second embodiment of the present invention, 
viewed from the rear side thereof. 
[0078] As shown in FIGS. 4 and 5, two coil pieces 30 
are inserted from the rear side of the stator core 1 5 into 
each of the slots 1 5b whose slot numbers differ by three 
from each other. At that time, four leg portions 30a are 
radially arranged in a line and accommodated in each 
of the slots 1 5b. Further, two leg portions 30a of each of 
the coil pieces 30 are sequentially inserted into the sec- 
ond outermost place in a slot 15b and the third outer- 
most place in another slot 15b, which is the third slot 
from the former slot 1 5b in the clockwise circumferential 
direction in FIG. 4. Moreover, two leg portions 30a of 
another coil piece 30 are serially inserted into the first 
outermost place in a slot 15b and into the fourth outer- 
most place in another slot 15b, which is the third slot 
from the former slot 15b in the clockwise circumferential 
direction in FIG. 4, in such a manner as to get the apex 
portion (return portion) of the connecting portion . 30b 
thereof between the apex portions of the connecting 
portions 30b of the coil pieces 30 having leg portions 
precedingly inserted into the second outermost place in 
a slot 15b and into the third outermost place in another 
slot 15b, which is the third slot from the former slot 15b. 
Thus, the rear-side coil end portion is configured by ar- 
ranging the apex portions of the connecting portions 30b 
of the coil pieces 30 in a single row in the circumferential 



direction as shown in FIG. 5. 

[0079] Incidentally, the slot inserting positions, into 
which leg portions of a coil piece 30 are inserted, in one 

set of the slots 1 5b, whose slot numbers differfrom each 

s other by three, are set to differ from those in other sets 
of such two slots 1 5b. Namely, in the one set of two slots 
1 5b, the leg portions of one coil piece 30 are respectively 
inserted into the first outermost place in one of the two 
slots 1 5b from the outer-circumference and into the third 
10 outermost place in the other slot 1 5b, whose slot number 
differs from that of the former slot 15b by three in the 
clockwise circumference direction in FIG. 4. Moreover, 
the leg portions of the other coll piece 30 are respective- 
ly inserted into the second outermost place in one of the 
is two slots 1 5b and into the fourth outermost place in the 
other slot 15b, whose slot number differs from that of 
the former slot 1 5b by three in the clockwise circumfer- 
ential direction in FIG. 4. 

[0080] Additionally, the coil piece 30 corresponds to 
20 a second coil piece, which has leg portions respectively 
inserted into the second outermost place in one of these 
two slots 1 5b from the outer-circumference and into the 
fourth outermost place in the other slot 15b, whose slot 
number differs from that of the former slot 1 5b by three 
25 in the clockwise circumference direction in FIG. 4. The 
other coil piece 30 corresponds to a first coil piece. 
[0081 ] Subsequently, in the case of each coil piece 30 
having leg portions respectively inserted into the second 
outermost place in a slot 1 5b and into the third outermost 
30 place in another slot 1 5b, the open-end portions thereof 
extending from the slot 1 5b toward the front side of the 
stator core 15 are bent in such a way as to outwardly 
open, that is, bent outwardly. Furthermore, in the case 
of each coil piece 30 having leg portions respectively 
35 inserted into the first outermost place in a slot 15b and 
into the fourth outermost place in another slot 15b, the 
open-end portions thereof extending from the slot 15b 
toward the front side of the stator core 15 are bent in- 
wardly. Further, in the case of each coil piece 30 having 
*o leg portions respectively inserted into the first outermost 
place in a slot 15b and into the third outermost place in 
another slot 15b, the open-end portion thereof extend- 
ing from the first outermost place in the slot 1 5b toward 
the front side of the stator core 15 is bent inwardly, and 
& the open-end portion thereof extending from the third 
outermost place in the slot 15b toward the front side of 
the stator core 15 is bent outwardly. Moreover, in the 
case of each coil piece 30 having leg portions respec- 
tively inserted into the second outermost place in a slot 
50 15b and into the fourth outermost place in another slot 
15b, the open-end portion thereof extending from the 
second outermost place in the slot 15b toward the front 
side of the stator core 15 is bent outwardly, and the 
open-end portion thereof extending from the fourth out- 
55 ermost place in the slot 1 5b toward the front side of the 
stator core 15 is bent inwardly. 
[0082] Furthermore, the open-end portion 30c of the 
coil piece 30 extending to the front side of the stator core 
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15 from the second outmost place in the corresponding 
slot 15b, as indicated by dotted lines in FIG. 4, is made 
to overlap with the open-end portion 30c of another coil 
piece 30 extendingto the front sidefrom the first outmost - 
place in another slot 1 5b, whose slot number differs from 5 
that of the former slot 15b by 3 in the counterclockwise 
circumferentially, as illustrated in FIG. 4. Then, these 
open-end portions 30c are crimped with a clip. Subse- 
quently, these open-end portions 30c are soldered to 
each other. Similarly, the open-end portion 30c of the 10 
coil piece 30 extending to the front side of the stator core 
1 5 from the third outmost place in the corresponding slot 
15b, as indicated by dotted lines in FIG. 4, is made to 
overlap with the open-end portion 30c of another coil 
piece 30 extending to the front side from the fourth out- '5 
most place in another slot 15b, whose slot number dif- 
fers from that of the former slot 15b by 3 in the clockwise 
circumferentially, as illustrated in FIG. 4. Then, these 
open-end portions 30c are crimped with a clip. Subse- 
quently, these open-end portions 30c are soldered to 20 
each other. 

[0083] Thus, a first two-turn coil and a second two- 
turn coil each consisting of twelve connected coii pieces 
30 are connected at the connecting portion 30b of the 
coil piece 30C having leg portions respectively inserted 25 
into the first outermost place in one slot 1 5b and into the 
third outermost place in another slot 15b, whose slot 
number differs from that of the former slot 15b. Thus, a 
four-turn coil constituted by connecting 24 coil pieces 
30 is obtained. 30 
[0084] Subsequently, the connecting portion 30b 
(thus, the rear-side coil end portions) is cut off from the 
coil piece 30 having leg portions respectively inserted 
into the second outermost place in one slot of the one 
set of the slots 15b, whose slot number differs from each 35 
other by three, and into the fourth outermost place in 
another slot 15b. Then, end portions ul and u4' of the 
coil piece 30, which are cut off therefrom, respectively 
extend from the second and fourth places in the slot 1 5b 
to the rear side of the stator core 15, as illustrated in *o 
FIG. 5. The end portion ul acts as a lead wire, and the 
end portion u4* is connected to a neutral point. 
[0085] Furthermore, coils corresponding to other two 
phases are similarly produced. Further, the end portion 
u 1 of the cut coil piece 30 is connected to the rectifier 45 
12 as a lead wire. Moreover, the end portion u4' of this 
coil piece 30 is connected to a neutral point in a star 
three-phase connection among this coil and coils re- 
spectively corresponding to other two phases. Thus, a 
stator 35A is obtained. so 
[0086] Further, the u2'-u3 connection portion is nec- 
essary for the stator coil 36 of the aforementioned first 
embodiment. However, in the case of the stator coil 36A 
of the second embodiment, the connecting portion 30b 
of the coil piece 30C corresponds to the u2'-u3 connect- 55 
ing portion. Incidentally, the coil piece 30C has leg por- 
tions respectively inserted into the first outermost place 
in one of the slots 1 5b and into the third outermost place 



in the other slot 1 5b, whose slot number differs from that 
of the former slot 15b by three in the circumferential di- 
rection. Thus, the second embodiment obviates the 
- crossover connection portion. • - -• 

[0087] According to this second embodiment, the 
connecting portion 30b of the stator coil 30C is substi- 
tuted for the crossover connection portion between the 
four-turn coils constituting each constituent phase coil 
of the stator coil 36A. Consequently, the second embod- 
iment obviates the crossover connection portion. 
[0088] Thus, the second embodiment obviates the 
work of cutting, bending and drawing the coil pieces so 
as to form the crossover connection portion. Conse- 
quently, the workability thereof is considerably en- 
hanced. 

[0089] Moreover, the risk of a break in the crossover 
connection portion due to vibrations of the vehicular AC 
generator is eliminated. Consequently, an occurrence 
of power-generation failure owing to the break in the 
crossover connection portion is prevented. 
[0090] Further, because the crossover connection 
portion is eliminated, the height of the coil end portion 
is reduced. Thus, the wind resistance at the discharge 
side of the fan 5 is decreased. Consequently, the total 
air quantity of the fans is restrained from. decreasing, so 
thatthe temperature of each part of.the.generator is pre- 
vented from rising. Especially, the rear-side internal fit- 
tings, such as the rectifier 12 and the regulator 18, are 
efficiently cooled. 

[0091 ] Furthermore, the coil end portions have no ax- 
ial projections due to the crossover connection portion. 
This prevents the generation of higher-order discomfort 
interference noises between the coii end portion and the 
fan 5 or the coil end portion and the shoulder of the claw- 
like magnetic pole 23 of the pole core 21 . Consequently, 
wind noises are reduced. 

[0092] Additionally, if the crossover connection por- 
tion is placed between the coil end portion and the 
bracket, similarly as in the aforementioned first embod- 
iment, an insulation failure between the crossover con- 
nection portion and the bracket may occur. However, 
such an insulation failure does not occur in the second 
embodiment. 

[0093] Further, the second embodiment eliminates 
the risk of damage to the coils due to the mixed condition 
of the crossover connection portion and the coil of the 
coil end portion. Consequently, the second embodiment 
achieves high quality output and high performance. 
[0094] Furthermore, because the apex portions of the 
connecting portions 30b of the coil pieces 30 constitut- 
ing the stator coil 36A are arranged in a single row in 
the circumferential direction, the height of the coil end 
portion is reduced and the wind resistance at the dis- 
charge side of the fan is reduced. As a result, the total 
air quantity of the fans is increased, enabling cooling 
ability in the AC generator to be enhanced. 
[0095] Furthermore, because the apex portions of the 
connecting portions 30b are exposed in the axial direc- 
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tion, the open-end portions 30c of the coil pieces 30 are 
soldered to each other In such a stable condition that 
the stator core 15 is chucked and the connecting por- 
tions 30b of the coil pieces 30 are held, enabling the 
workability in soldering between the open-end portions 5 
30c to be enhanced. 

[0096] Incidentally, in the foregoing description of the 
second embodiment, it has been described that the leg 
portions of the nearly U-shaped coll pieces are inserted 
into the second outermost place in one of two slots 1 5b, 10 
whose slot numbers differ from each other by three, and 
into the fourth outermost place In the other slot 15b, 
whose slot number differs from that of the former one 
15b in the clockwise circumferential direction in FIG. 4, 
and that the connecting portion 30b (namely, the rear- 15 
side coil end portion) of the coil pieces 30 is, thereafter, 
cut off. However, the present invention is not limited to 
this generator. The generator according to be present 
invention may be adapted so that rod-like coil pieces are 
inserted into the second outermost place in one of two 20 
slots 1 5b, whose slot numbers differ from each other by 
three, and into the fourth outermost place in the other 
slot 15b, whose slot number differs from that of the 
former one 1 5b in the clockwise circumferential direction 
in FIG. 4 in such a way as to axially extend to both sides 25 
thereof. This obviates the necessity of cutting off the 
connecting portion 30b of the coil piece 30. 
[00971 Further/In the foregoing description of the sec- 
ond embodiment, it has been described that the end por- 
tions u1 1 and u4' of the coil piece 30, which respectively 30 
extend toward the rear side thereof from the second and 
fourth outermost places in the slots 15b after cut off 
therefrom , serve as a lead wire connected to the rectifier 
12 and a wire connected to a neutral point among this 
coil and coils respectively corresponding to other two 35 
phases. However, the end portions u1 and u4' may be 
respectively used as a wire connected to the neutral 
point and a lead wire connected to the rectifier 12. 

Third Embodiment 40 

[0098] FIG. 6 is a rear elevation illustrating the coil 
connection of a stator applied to a vehicular AC gener- 
ator, which is the third embodiment of the present inven- 
tion. FIG. 7 is a perspective view of a primary part of the 45 
stator applied to the vehicular AC generator, which is 
the third embodiment of the present invention, viewed 
from the rear side thereof. 

[0099] As shown in FIGS. 6 and 7, two coil pieces 30 
are inserted from the rear side of the stator core 1 5 into 50 
each set of the slots 15b whose slot numbers differ by 
three from each other. At that time, four leg portions 30a 
are radially arranged in a line and accommodated in 
each of the slots 15b. Further, two leg portions 30a of 
each of the coil piece 30 are sequentially inserted into 55 
the first outermost place in a slot 15b.and the third out- 
ermost place in another slot 15b, which is the third slot 
from the former slot 1 5b in the clockwise circumferential 



direction in FIG. 6. Moreover, two leg portions 30a of 
another coil piece 30 are serially inserted into the sec- 
ond outermost place in a slot 15b and into the fourth 
outermost place in another slot. 15b, which is the third— 
slot from the former slot 15b in the clockwise circumfer- 
ential direction in FIG. 6. Thus, at the rear-side coil end 
portion , the apex portions of the con necting portions 30b 
of the coil pieces 30 are aligned in two rows in the radial 
direction and are arranged in the circumferential direc- 
tion as shown in FIG. 7. 

[0100] Incidentally, the slot inserting positions, into 
which leg portions of a coil piece 30 are inserted, in one 
set of the slots 1 5b, whose slot numbers differ from each 
other by three, are changed to those in the other sets of 
such two slots 15b. Namely, in this set of the slots 15b, 
the leg portions of one coil piece 30 (30D) are respec- 
tively inserted into the first outermost place in one of 
these two slots 15b from the outer-circumference and 
into the fourth outermost place in the other slot 15b, 
whose slot number differs from that of the former slot 
15b by three in the clockwise circumference direction in 
FIG. 6. Moreover, the leg portions of the other coil piece 
30 are respectively inserted into the second outermost 
place in one of the two slots 15b and into the third out- 
ermost place in the other slot 15b, whose slot number 
differs from that of the former slot 15b by three In the 
clockwise circumferential direction in FIG. 6. 
[0101] Additionally, the coil piece 30 corresponds to 
a second coil piece, which has leg portions respectively 
inserted into the second outermost place in one of these 
two slots 15b from the outer-circumference and into the 
third outermost place in the other slot 15b, whose slot 
number differs from that of the former slot 1 5b by three 
in the clockwise circumference direction in FIG. 6. The 
other coil piece 30 corresponds to a first coil piece. 
[01 02] Subsequently, in the case of each coil piece 30 
having leg portions respectively inserted into the first 
outermost place in a slot 1 5b and into the third outermost 
place in another slot 15b, the open-end portions thereof 
extending from the slot 15b toward the front side of the 
stator core 15 are bent inwardly. Furthermore, in the 
case of each coil piece 30 having leg portions respec- 
tively inserted into the second outermost place in a slot 
15b and into the fourth outermost place in another slot 
15b, the open-end portions thereof extending from the 
slot 15b toward the front side of the stator core 15 are 
bent in such a way as to outwardly open. Further, in the 
case of the coil piece 30 having leg portions respectively 
inserted into the first outermost place in a slot 15b and 
into the fourth outermost place in another slot 15b, the 
open-end portion thereof extending from the first outer- 
most place in the slot 15b toward the front side of the 
stator core 1 5 are bent inwardly, and the open-end por- 
tion thereof extending from the fourth outermost place 
in the slot 1 5b toward the front side of the stator core 1 5 
are bent outwardly. Moreover, in the case of the coil 
piece 30 having leg portions respectively inserted into 
the second outermost place In a slot 15b and into the 
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third outermost place in another slot 1 5b, the open-end 
portion thereof extending from the second outermost 
place in the slot 15b toward the front side of the stator 
core 15 are bent outwardly, and the open-end portion 
thereof extending from the third outermost place in the 
slot 15b toward the front side of the stator core 15 are 
bent inwardly. 

[0103] Furthermore, the open-end portion 30c of the 
coil piece 30 extending to the front side of the stator core 
1 5 from the first outmost place in the corresponding slot 
15b, as indicated by dotted lines in FIG. 6, is made to 
overlap with the open-end portion 30c of the coil piece 
30 extending to the front side from the second outmost 
place in another slot 1 5b, whose slot number differs from 
that of the former slot 1 5b by three in the counterclock- 
wise circumferentially, as illustrated in FIG. 6. Then, 
these open-end portions 30c are crimped with a clip. 
Subsequently, these open-end portions 30c are sol- 
dered to each other. Similarly, the open -end portion 30c 
of the coil piece 30 extending to the front side of the 
stator core 1 5 from the third outmost place in the corre- 
sponding slot 15b, as indicated by dotted lines in FIG. 
6, is made to overlap with the open-end portion 30c of 
the coil piece 30 extending to the front side from the 
fourth outmost place in another slot 15b, whose slot 
number differs from that of the former slot 1 5b by three 
in the counterclockwise circumferentially, as Illustrated 
in FIG. 6. Then, these open-end portions 30c are 
crimped with a clip. Subsequently, these open-end por- 
tions 30c are soldered to each other. 
[0104] Thus, a first two-turn coil and a second two- 
turn coil consisting of twelve connected coil pieces 30 
are connected at the connecting portion 30b of the coil 
piece 30D having leg portions respectively inserted into 
the first outermost place in one slot 15b and into the 
fourth outermost place in another slot 15b, whose slot 
number differs from that of the former slot 1 5b. Thus, a 
four-turn coil constituted by connecting 24 coil pieces 
30 is obtained. 

[0105] Subsequently, the connecting portion 30b 
(thus, the rear-side coil end portion) is cut off from the 
coil piece 30 having leg portions respectively inserted 
into the second outermost place in one slot of a set of 
the slots 15b and into the third outermost place in an- 
other slot 15b, whose slot number differs by three from 
that of the former slot 1 5b. Then, end portions ul and u4* 
of the ccjl piece 30, which are cut off therefrom and re- 
spectively extend from the second and third places in 
the slots 15b to the rear side of the stator core 15, as 
illustrated in FIG. 6. The end portion ul acts as a lead 
wire, and the end portion u4* is connected to a neutral 
point. 

[0106] Furthermore, coils corresponding to other two 
phases are similarly produced. 
[0107] Further, the end portion u1 of the cut coil piece 
30 is connected to the rectifier 1 2 as a lead wire. More- 
over, the end portion u4' of this coil piece 30 is connect- 
ed to a neutral point in a star three-phase connection 



among this coil and coils respectively corresponding to 
other two phases. Thus, a stator 35B is obtained. 
[0108] Further, the u2'-u3 connection portion is nec- 
essary for the stator coil 36 of the aforementioned first 

5 embodiment. However, in the case of the stator coil 36B 
of the third embodiment, the connecting portion 30b of 
the coil piece 30D corresponds to the u2'-u3 connection 
portion. Incidentally, the coil piece 30D has leg portions 
respectively inserted into the first outermost place in one 

io of the slots 15b and into the fourth outermost place in 
another slot 1 5b, whose slot number differs from that of 
the former slot 1 5b by three in the circumferential direc- 
tion. Thus, the third embodiment obviates the crossover 
connection portion. 

is [0109] According to this third embodiment, the con- 
necting portion 30b of the stator coil 30D is substituted 
for the crossover connection portion between the four- 
turn coils constituting each constituent phase coil of the 
stator coil 36B. Consequently, the third embodiment ob- 

20 viates the crossover connection portion. 

[0110] Thus, the third embodiment obviates the work 
of cutting, bending and drawing the coll pieces so as to 
form the crossover connection portion. Consequently, 
the workability thereof is considerably enhanced. 

25 [0111] Moreover, the risk of a break in the crossover 
connection portion due to vibrations of the vehicular AC 
generator is eliminated. Consequently, an occurrence 
of power-generation failure owing to the break in the 
crossover connection portion is prevented. 

30 [0112] Further, because the crossover connection 
portion is eliminated, the height of the coil end portion 
is reduced. Thus, the wind resistance at the discharge 
side of the fan 5 is decreased. Consequently, the total 
air quantity of the fans is restrained from decreasing, so 

35 that the temperature of each part of the generator is pre- 
vented from rising. Especially, the rear-side internal fit- 
tings are efficiently cooled. 

[01 1 3] Furthermore, the coil end portions have no ax- 
ial projections due to the crossover connection portion. 

<o This prevents the generation of higher-order discomfort 
interference noises between the coil end portion and the 
fan 5 or the coil end portion and the shoulder of the claw- 
like magnetic pole 23 of the pole core 21 . Consequently, 
wind noises are reduced. 

45 [0114] Additionally, if the crossover connection por- 
tion is placed between the coil end portion and the 
bracket, similarly as in the aforementioned first embod- 
iment, an insulation failure between the crossover con- 
nection portion and the bracket may occur. However, 

so such an insulation failure does not occur in the third em- 
bodiment. 

[0115] Further, the third embodiment eliminates the 
risk of damage to the coils due to the mixed condition of 
the crossover connection portion and the coil of the coil 
5 5 end portion. Consequently, the third embodiment 
achieves high quality output and high performance. 
[0116] Furthermore, the coil pieces 30 of each phase 
coil is configured by having nearly the same shape. 
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Thus, there is little overlap between the coil pieces. Con- 
sequently, the height of the coil end portion is reduced 
to a small value. Moreover, the damage to the coil is 
reduced. 

[0117] Furthermore, because the apex portions of the s 
connecting portions 30b of the coil pieces 30 constitut- 
ing the stator coil 36B are arranged in a single row in 
the circumferential direction, the height of the coil end 
portion is reduced and the wind resistance at the dis- 
charge side of the fan is reduced. As a result, the total io 
air quantity of the fans is increased, enabling cooling 
ability in the AC generator to be enhanced. 
[01 1 8] Furthermore, because the apex portions of the 
connecting portions 30b are exposed in the axial direc- 
tion, the open-end portions 30c of the coil pieces 30 are 15 
soldered to each other in such a stable condition that 
the stator core 15 is chucked and the connecting por- 
tions 30b of the coil pieces 30 are held, enabling the 
workability in soldering between the open-end portions 
30c to be enhanced. 20 
[01 1 9] Incidentally, in the foregoing description of the 
third embodiment, it has been described that the leg por- 
tions of the nearly U-shaped coil pieces 30 are inserted 
into the second outermost place in one of two slots 1 5b, 
whose slot numbers differ from each other by three, and 25 
into the third outermost place in the other slot 15b, 
whose slot number differs from that of the former one 
15b in the clockwise circumferential direction in FIG. 6, 
and that the connecting portions 30b (namely, the rear- 
side coil end portions) of the coil pieces 30 are, there- 30 
after, cut off. However, the present invention is not lim- 
ited to this generator. The generator according to be 
present invention may be adapted so that the rod-like 
coil pieces are inserted into the second outermost place 
in one of two slots 1 5b, whose slot numbers differ from 35 
each other by three, and into the third outermost place 
in the other slot 1 5b, whose slot number differs from that 
of the former one 15b in the clockwise circumferential 
direction in FIG. 6 in such a way as to axially extend to 
both sides thereof. This obviates the necessity of cutting 40 
off the connecting portions 30b of the coil pieces 30. 
[0120] Further, in the foregoing description of the third 
embodiment, it has been described that the end portions 
ul and u4' of the coil piece 30, which respectively extend 
toward the rear side of the stator core 1 5 from the sec- 45 
ond and third outermost places in the slots 1 5b after cut 
off therefrom, serve as a lead wire connected to the rec- 
tifier 12 and a wire connected to a neutral point among 
this coil and coils respectively corresponding to other 
two phases. However, the end portions u1 and u4' may so 
be respectively used as a wire connected to the neutral 
point and a lead wire connected to the rectifier 12. 
[0121] Incidentally, in the foregoing descriptions of the 
aforementioned embodiments, the three phase AC gen- 
erators having the slots, of which the number corre- ss 
sponding to each phase and to each pole is 1 , have been 
described. However, needless to say, the present inven- 
tion can be applied to a three phase AC generator hav- 



ing slots of which the number corresponding to each 
phase and to each pole is 2 or more, and to other multi- 
phase AC generators, such as a six phase AC genera- 
tor. Further, as the number of slots corresponding to 
each phase and to each pole and the number of phases 
increase, the number of crossover connections increas- 
es, so that the advantageous effects of the present in- 
vention are brought into the fore. 
[0122] Moreover, each of the aforementioned embod- 
iments uses a round coil having a circular section as the 
coil piece 30. However, a flat coil having a rectangular 
section may be used as the coil piece 30. 
[0123] Furthermore, in each of the embodiments, the 
open-end portions 30c of the coil pieces 30 are made to 
overlap with each other, and then crimped by using the 
a clip, and subsequently, soldered to each other. Thus, 
the coil pieces are connected to each other by soldering. 
However, means for connecting the open-end portions 
30c of the coil pieces 30 is not limited to soldering. For 
example, the open-end portions 30c may be connected 
to each other by welding. 

[01 24] Furthermore, in each of the embodiments, the 
after-treatment of the coil end portion is described no- 
where. However, the coil end portion may be impregnat- 
ed with any insulating resin. In this case, insulating abil- 
ity in the connected portions is enhanced. Moreover, be- 
cause the crossover connection portion is integrally 
fixed to the coil end portion, the risk of a brake in the 
crossover connection portion due to vibration of the ve- 
hicular AC generator is reduced. 
[01 25] The vehicular AC generator of the present in- 
vention is constructed as described above, and thus has 
the following advantageous effects. 
[0126] According to the present invention, there is 
provided a vehicular AC generator which comprises: 

a shaft rotatably supported on a pair of brackets; 
a rotor fixed to the shaft and disposed in the pair of 
brackets; 

a stator disposed at an outer-circumference-side of 
the rotor and fixed to the pair of brackets; 
internal fittings placed at a rear side of the rotor; and 
a fan driven by a rotation of the shaft and for forming 
a flow of cooling air flowing along an axis of the 
shaft, 

wherein the stator comprising: 

a stator core in which a plurality of slots, whose 
grooves extend in an axial direction, are circumf er- 
entially provided at an equiangular pitch so as to 
open on an inner circumference side thereof; and 
a stator coil formed by AC connection of four-turn 
phase coils constructed by serially inserting coil 
conductors into the slots separated by a predeter- 
mined interval of the slots, the coil conductors being 
arranged four in a line in a radial direction, 
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and wherein each of the phase coils comprises: 

nearly U-shaped first coil pieces, which constitute 
the coil conductors, inserted from an axial side into 
two adjacent sets of two of the separated slots, re- s 
spectively, so that the first coil pieces are respec- 
tively positioned at a third outermost place in one 
slot of each of the two sets and at a second outer- 
most place in the other slot of each of the two sets, 
and remaining first coil pieces inserted from an axial 10 
side into remaining sets of two of the separated 
slots, respectively, so that one of the remaining first 
coil pieces is respectively positioned at a first out- 
ermost place in one slot of each of the remaining 
sets and at a second outermost place in the other is 
slot of each of the remaining sets and that another 
of the remaining first coil pieces is respectively po- 
sitioned at a third outermost place in the one slot of 
each of the remaining sets and at afourth outermost 
place in the other slot of each of the remaining sets; 20 
second coil pieces, which constitute the coil con- 
ductors, inserted into the two sets of two of the sep- 
arated slots, respectively, so that the second coil 
pieces are respectively positioned at a first outer- 
most place in the one slot of each of the two sets 25 
and at a fourth outermost place of the other slot of 
each of the two sets and that end portions of the 
second coil piece extend from each slot of the two 
sets to both axiai sides; 

a two-turn first coil formed by connecting an end 30 
portion of each of the first coil pieces, which extend 
from the second outermost place in each of the slots 
to an axial opposite side and are bent circumferen- 
tially outwardly, to a corresponding end portion of 
the first and second coil pieces, which extend from 35 
the first outermost place of the slot, whose slot 
number differs from that thereof by the predeter- 
mined interval of the slots, to the axial opposite side 
and are bent circumferentiaily outwardly; 
a two-turn second coil formed by connecting an end *o 
portion of each of the first and second coil pieces, 
which extend from the fourth outermost place in the 
slots to the axial opposite side and are bent circum- 
ferentiaily outwardly, to a corresponding end portion 
of the first coil pieces, which extends from the third 45 
outermost place in the slot, whose slot number dif- 
fers from that thereof by the predetermined interval 
of the slots, to the axial opposite side and is bent 
circumferentiaily outwardly; and 
a crossover connection portion between the first so 
and second coils formed by connecting one of first 
and second sets of end portions of the second coil 
pieces, the first set of end portions of the second 
coll piece extending from the first outermost place 
in the one slot of each of the two sets to the axial 55 
side, the second set of end portions of the second 
coil piece extending from the fourth outermost place 
in the other slot of each of the two sets to the axial 



side, the other set of end portions being used as a 
lead wire and a wire connected to a neutral point 
formed among the phase coils. 

[0127] Thus, the number of the crossover connection 
portions of the first and second coils corresponding to 
the phases is reduced to 1. Thus, the number of axial 
projections provided on the aligned coil end portions is 
decreased. Further, the wind resistance atthe discharge 
side of the fan is reduced. Consequently, the cooling 
ability of the generator is enhanced. Moreover, the dis- 
comfort higher-order interference noises generated be- 
tween the coil end portion and the rotor or the coil end 
portion and the fan are reduced. Furthermore, the wind 
noises are decreased. Moreover, the number of cross- 
over connection portions formed by connecting the end 
portions of the second coil piece is reduced. Conse- 
quently, an occurrence of power generation failure due 
to a break in the crossover connection portions, which 
is caused by vibrations, is prevented. 
[01 28] According to an embodiment of the present in- 
vention, the secondcoil pieces are constructed by which 
nearly U-shaped coil pieces respectively are inserted 
from the axial side into the two sets of two of the sepa- 
rated slots so that the U-shaped coil pieces are respec- 
tively positioned at a first outermost place in one slot of 
each of the two sets and at a fourth outermost place in 
the other slot of each of the two sets, and each of the 
U-shaped coil pieces is cut off at each connecting por- 
tion (30b) thereof after inserted into the slots. Thus, the 
work of cutting, bending and drawing the second coil 
piece is reduced. Further, a process of assembling the 
statorcoil is simplified. The assemb lability of the stator 
is enhanced. 

[0129] According to another embodiment of the 
present invention, each of the first coil pieces is formed 
by being folded at a connecting portion thereof, and 
wherein a direction , in which the first coil pieces respec- 
tively inserted into a first outermost place in one slot of 
each set of two of the separated slots and into a second 
outermost place in the other slot is folded at the con- 
necting portion thereof, is the same with a direction, in 
which the first coil pieces respectively inserted into a 
third outermost place in one slot of each set of two of 
the separated slots and into a fourth outermost place in 
the other slot is folded at the connecting portion thereof, 
and is opposite to a direction, in which the first coil piec- 
es respectively inserted into a third outermost place in 
one slot of each set of two of the separated slots and 
into a second outermost place in the other slot is folded 
at the connecting portion thereof. Thus, the interference 
between the crossover connection portion and the first 
coil is suppressed. Consequently, the size of the coil end 
portions is reduced. 

[0130] According to another embodiment of the 
present invention, the crossover connection portion is 
formed in such a manner as to have a height which is 
less than that of a coil end portion constructed by a con- 
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necting portion of each of the first coil pieces. Thus, 
there is no axial projections of the crossover connection 
portion In the aligned coil end portions. Further, the wind 

resistance at the discharge side of the fan Is decreased. 

The cooling ability of the generator is enhanced. 5 
[0131] According to the present invention, there is 
provided a vehicular AC generator which comprises: 

a shaft rotatably supported on a pair of brackets; 
a rotor fixed to the shaft and disposed in the pair of w 
brackets; 

a stator disposed at an outer-circumference-side of 
the rotor and fixed to the pair of brackets; 
Internal fittings placed at a rear side of the rotor; and 
a fan driven by a rotation of the shaft and for forming '5 
a flow of cooling air flowing along an axis of the 
shaft, 

wherein the stator comprises: 

20 

a stator core in which a plurality of slots, whose 
grooves extend in an axial direction, are circumfer- 
entially provided at an equiangular pitch so as to 
open on an inner circumference side thereof; and 
a stator coil formed by AC connection of four-turn 25 
phase coils constructed by serially inserting coil 
conductors into the slots separated by a predeter- 
mined interval of the slots, the coil conductors being 
arranged four in a line in a radial direction, 

30 

and wherein each of the phase coils comprises: 

one of nearly U-shaped first coil pieces, which con- 
stitute the coil conductors, inserted from an axial 
side into one set of two of the separated slots so 35 
that the first coil piece is respectively positioned at 
a first outermost place in one slot of the one set and 
at a third outermost place in the other slot of the one 
set, and remaining first coil pieces inserted from an 
axial side into remaining sets of two of the separat- <o 
ed slots, respectively, so that one of the remaining 
first coil pieces is respectively positioned at a first 
outermost place in one slot of each of the remaining 
sets and at a fourth outermost place in the other slot 
of each of the remaining sets and that another of 45 
the remaining first coil pieces is respectively posi- 
tioned at a second outermost place in the one slot 
of each of the remaining sets and at a third outer- 
most place in the other slot of each of the remaining 
sets; and so 
second coil pieces, which constitute the coil con- 
ductors, inserted into the one set of two of the sep- 
arated slots so that the second coll pieces are re- 
spectively positioned at a second outermost place 
in the one slot of the one set and at a fourth outer- 
most place of the other slot of the one set and that 
end portions of the second coil piece extend from 
each slot of the one set to both axial sides, 



wherein one of the remaining first coil pieces, which 
are respectively inserted from the axial side into the 
first outermost place in one slot of each of the re- 
maining sets and the fourth outermost place~in the~ 
other slot of each of the remaining sets, is respec- 
tively placed in each gap formed between another 
of the remaining first coil pieces, which are respec- 
tively inserted from the axial side into the second 
outermost place in the one slot of each of the re- 
maining sets and the third outermost place in the 
other slot of each of the remaining sets, at the con- 
necting portion thereof«by setting heights of apex 
portion of the connecting portion at an equal value, 
wherein a four-turn coil is formed by connecting an 
end portion of each of the first and second coil piec- 
es, which extend from the second outermost place 
in each of the slots to an axial opposite side and are 
bent circumferentially outwardly, to a corresponding 
end portion of the first coil pieces, which extend 
from the first outermost place of the slot, whose slot 
number differs from that thereof by the predeter- 
mined interval of the slots, to the axial opposite side 
and are bent circumferentially inwardly and by con- 
necting an end portion of each of the first and sec- 
ond coil pieces, which extend from the fourth outer- 
most place in the slots to the axial opposite side and 
are bent circumferentially inwardly, is connected to 
a corresponding end portion of the first coil pieces, 
which extends from the third outermost place in the 
slot, whose slot number differs from that thereof by 
the predetermined interval of the slots, to the axial 
opposite side and is bent circumferentially outward- 
ly. 

and wherein an end portion of the second coil piece 
extending from the second outermost place in the 
one slot of the one set to the axial side and an end 
portion of the second coil piece extending from the 
fourth outermost place in the other slot of the one 
set to the axial side are used as a lead wire and a 
wire connected to a neutral point formed among the 
phase coils. 

[0132] Thus, the connecting portion of the first coil 
pieces, which are positioned at the first outermost place 
in one slot of one set of two of the separated slots and 
at the third outermost place in the other slot of the one 
set, is substituted for the crossover connection portions 
of the phase coils. Consequently, there is no axial pro- 
jection in the aligned coil end portions. Thus, the wind 
resistance at the discharge side of the fan is decreased. 
The cooling ability of the generator is improved. More- 
over, the higher-order discomfort interference noises 
generated between the coil end portion and the rotor or 
the coil end portion and the fan are reduced. Further- 
more, the work of connecting the crossover connection 
portion, namely, the work of cutting, bending and draw- 
ing the coil pieces is omitted. Thus, the assemb lability 
of the stator is enhanced. Furthermore, power genera- 
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tion failure due to a break in the crossover connection 
portions formed by connecting end portions is prevent- 
ed. Furthermore, the connecting portions of the first coil 
pieces constituting the coil end portion are arranged in 
the circumferential direction by setting heights of apex 
portion of the connecting portion at an equal value, en- 
abling cooling ability of the AC generator to be en- 
hanced. 

[0133] Further, according to an embodiment of the 
present invention, the second coil pieces are construct- 
ed by which a nearly U-shaped coil piece is inserted 
from the axial side Into the one set of two of the sepa- 
rated slots so that the U-shaped coil piece is respective- 
ly positioned at a second outermost place in one slot of 
the one set and at a fourth outermost place in the other 
slot of the one set, and the U-shaped coil piece is cut 
off at a connecting portion thereof after inserted into the 
slots. Thus, the process of producing the stator coil is 
simplified. Consequently, the workability is enhanced. 
[0134] Additionally, according to another aspect of the 
present invention, there is provided another a vehicular 
AC generator which comprises: 

a shaft rotatably supported on a pair of brackets; 
a rotor fixed to the shaft and disposed in the pair of 
brackets; 

a stator disposed at an outer-circumference-side of 
the rotor and fixed to the pair of brackets; 
internal fittings placed at a rear side of the rotor; and 
a fan driven by a rotation of the shaft and for forming 
a flow of cooling air flowing along an axis of the 
shaft, 



wherein the stator comprises: 

a stator core in which a plurality of slots, whose 
grooves extend in an axial direction, are circumfer- 
entialty provided at an equiangular pitch so as to 
open on an inner circumference side thereof; and 
a stator coil formed by AC connection of four-turn 
phase coils constructed by serially inserting coil 
conductors into the slots separated by a predeter- 
mined interval of the slots, the coil conductors being 
arranged four in a line in a radial direction, 

and wherein each of the phase coils comprises: 

one of nearly U-shaped first coil pieces, which con- 
stitute the coil conductors, inserted from an axial 
side into one set of two of the separated slots so 
that the first coil piece is respectively positioned at 
a first outermost place in one slot of the one set and 
at a fourth outermost place in the other slot of the 
one set, and remaining first coil pieces inserted from 
an axial side into remaining sets of two of the sep- 
arated slots, respectively, so that one of the remain- 
ing first coil pieces is respectively positioned at a 
first outermost place in one slot of each of the re- 



10 



15 



20 



25 



30 



35 



40 



45 



50 



maining sets and at a third outermost place in the 
other slot of each of the remaining sets and that an- 
other of the remaining first coil pieces is respectively 
-positioned at a second outermost place in the one 
slot of each of the remaining sets and at a fourth 
outermost place in the other slot of each of the re- 
maining sets; and 

second coil pieces, which constitute the coil con- 
ductors, inserted into the one set of two of the sep- 
arated slots so that the second coil pieces are re- 
spectively positioned at a second outermost place 
in the one slot of the one set and at a third outermost 
place of the other slot of the one set and that end 
portions of the second coil piece extend from each 
slot of the one set to both axial sides, 
wherein a four-turn coil is formed by connecting an 
end portion of each of the first and second coil piec- 
es, which extend from the second outermost place 
in each of the slots to an axial opposite side and are 
bent circumferentially outwardly, to a corresponding 
end portion of the first coil pieces, which extend 
from the first outermost place of the slot, whose slot 
number differs from that thereof by the predeter- 
mined interval of the slots, to the axial opposite side 
and are bent circumferentially inwardly and by con- 
necting an end portion of each of the first coil pieces, 
which extend from the fourth outermost place in the 
slots to the axial opposite side and are bent circum- 
ferentially outwardly, to a corresponding end portion 
of the first and second coil pieces, which extends 
from the third outermost place in the slot, whose slot 
number differs from that thereof by the predeter- 
mined interval of the slots, to the axial opposite side 
and is bent circumferentially inwardly; 
and wherein end portions of the second coil piece 
extending from the second outermost place in the 
one slot of the one set to the axial side and from the 
third outermost place in the other slot of the one set 
to the axial side are used as a lead wire and a wire 
connected to a neutral point formed among the 
phase coils. 

[0135] Thus, the connecting portion of the first coil 
pieces, which are positioned at the first outermost place 
in one slot of one set of two of the separated slots and 
at the fourth outermost place in the other slot of the one 
set, is substituted for the crossover connection portions 
of the phase coils. Consequently, the aligned coil end 
portion has no axial projections formed on the crossover 
connection portion. Therefore, the wind resistance at 
the discharge side of the fan is reduced. Moreover, the 
cooling ability of the generator is enhanced. Further- 
more, the higher-order discomfort interference noises 
generated between the coil end portion and the rotor or 
the coil end portion and the fan are reduced. The wind 
noises are decreased. Additionally, the work of connect- 
ing the crossover connection portion, that is, the work 
of cutting, bending and drawing the coil pieces is omit- 
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ted. Consequently, the assemblabillty of the stator is en- 
hanced. Furthermore, the crossover connection por- 
tions formed by connecting end portions of coil pieces 
are omitted. Consequently, an occurrence of power gen- 
eration failure owing to a break in the crossover con nec- s 
tion portion, which is caused y vibrations, is prevented. 
[0136] Further, according to an embodiment of the 
present invention, the second coil pieces are construct- 
ed by which a nearly U-shaped coil piece is inserted 
from the axial side into the one set of two of the sepa- 10 
rated slots so that the U-shaped coil piece is respective- 
ly positioned at a second outermost place in one slot of 
the one set and at a third outermost place In the other 
slot of the one set, and the U-shaped coil piece is cut 
off at a connecting portion thereof after inserted into the f5 
slots. Thus, two leg portions of one coil piece are re- 
spectively inserted from an axial side into a set of slots, 
whose slot numbers differ from each other by a prede- 
termined number, and then the inserted coil piece is cut 
off at the connecting portion thereof. Consequently, the 20 
process of producing the stator coil is simplified. The 
workability is enhanced. 

[0137] Moreover, according to an embodiment of the 
present invention, a coil end portion constituted by a 
connecting portion of the first coil piece is placed at a 25 
rear side. Thus, the height of the rear-side coil end por- 
tion is reduced. Consequently, the internal devices, 
such as the rectifier and the regulator, to be cooled are 
effectively cooled. 

[0138] Moreover, according to an embodiment of the 30 
. present invention, an axial height of a rear-side coil end 
portion in a axial direction is lower than that of a front- 
side coil end portion and an axial lap amount between 
the front-side coil end portion and the fan is larger than 
that between the rear-side coil end portion and the fan. 35 
Thus, since, there is no internal fittings in the front-side 
cooling path, the front-side coil end portion is efficiently 
cooled by the front-side cooling air suppressed temper- 
ature increases, enabling temperature increases in the 
stator coil to be suppressed. 40 
[0139] Moreover, according to an embodiment of the 
present invention, gaps between the apex portion of the 
rear-side coil end portion and the internal fittings and 
between the apex portion of the rear-side coil end por- 
tion and an apex-facing surface of the bracket facing to 4s 
the apex of the rear-side coil end portion are uniformly 
formed in a circumferential direction. Thus, it is possible 
to suppress fluctuations in the wind resistance of the 
cooling air path in the circumferential direction. Conse- 
quently, overall wind resistance of the cooling air path so 
is reduced, enabling temperature increases in the inter- 
nal fittings to be suppressed, 

[0140] Moreover, according to an embodiment of the 
present invention, the apex portions of the connecting 
portions of the first coil pieces are exposed in an axial ss 
direction. Thus, the open-end portions of the first and 
second coil pieces are of the same uniform height by 
chucking the stator core and holding the connecting por- 



tions thereof in the jointing process before the open-end 
portions are jointed. Consequently, the open-end por- 
tions are jointed in a stable condition and the workability 
in jointing between the.open-end portions is enhanced. 
[01 41 ] Moreover, according to an embodiment of the 
present invention, the fan is fixed to a rear-side axial end 
of the rotor. Thus, the rear-side cooling air path in which 
the cooling air flows is formed, enabling temperature in- 
creases in the internal fittings to be suppressed. 
[01 42] Moreover, according to an embodiment of the 
present invention, the fans are fixed to both axial end of 
the rotor. Thus, the rear-side and front-side cooling air 
path in which the cooling airflows are formed, enabling 
cooling ability in the AC generator to be enhanced. 
[01 43] Moreover, according to an embodiment of the 
present invention, front-side exhaust wind volume is 
larger than rear-side exhaust wind volume. Thus, it is 
possible to cool the front-side coil end portion efficiently, 
enabling temperature increases to suppressed. Further, 
the front-side exhaust wind volume having a low wind 
resistance increases compared with the rear-side ex- 
haust wind volume having a high wind resistance, pre- 
venting wind noise from being deteriorated. 
[0144] Although the preferred embodiments of the 
present invention have been described above, it should 
be understood that the present invention is not limited 
thereto and that other modifications will be apparent to 
those skilled in the art without departing from the sprint 
of the invention. 

[0145] The scope of the present invention, therefore, 
should be determined solely by the appended claims. 



Claims 

1 . A vehicular AC generator comprising: 

a shaft (6) rotatably supported on a pair of 
brackets (1 ,2); 

a rotor (7) fixed to said shaft and disposed in 
said pair of brackets; 

a stator (35) disposed at an outer-circumfer- 
ence-side of said rotor and fixed to said pair of 
brackets; 

internal fittings (12,1 8) placed at a rear side of 
said rotor; and 

a fan driven by a rotation of said shaft and for 
forming a flow of cooling air flowing along an 
axis of said shaft, 

wherein said stator comprising: 

a stator core (15) in which a plurality of slots 
(15a), whose grooves extend in an axial direc- 
tion, are circumferentlally provided at an equi- 
angular pitch so as to open on an inner circum- 
ference side thereof; and 
a stator coil (36) formed by AC connection of 
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four-turn phase coils constructed by serially in- 
serting coil conductors (30.30A.30B) into said 
slots separated by a predetermined interval of 
said slots, said coil conductors being arranged 
four in a line in a radial direction, s 

and wherein each of said phase coils compris- 



neariy U-shaped first coil pieces (30,30A,30B), 10 
which constitute said coil conductors, inserted 
from an axial side into two adjacent sets of two 
of said separated slots, respectively, so that 
said first coil pieces (30A.30B) are respectively 
positioned at a third outermost place in one slot 15 
of each of said two sets and at a second outer- 
most place in the other slot of each of said two 
sets, and remaining first coil pieces (30) insert- 
ed from an axial side into remaining sets of two 
of said separated slots, respectively, so that 20 
one of said remaining first coil pieces is respec- 
tively positioned at a first outermost place in 
one slot of each of said remaining sets and at 
a second outermost place in the other slot of 
each of said remaining sets and that another of 25 
said remaining first coil pieces is respectively 
positioned atathird outermost place in said one 
slot of each of said remaining sets and at a 
fourth outermost place in the other slot of each 
of said remaining sets; 30 
second coil pieces (30), which constitute said 
coil conductors, inserted into said two sets of 
two of said separated slots, respectively, so that 
said second coil pieces are respectively posi- 
tioned at a first outermost place in said one slot 35 
of each of said two sets and at a fourth outer- 
most place of the other slot of each of said two 
sets and that end portions of said second coil 
piece extend from each slot of said two sets to 
both axial sides; 40 
a two-turn first coil formed by connecting an 
end portion of each of said first coil pieces, 
which extend from the second outermost place 
in each of said slots to an axial opposite side 
and are bent circumferentially outwardly, to a <s 
corresponding end portion of said first and sec- 
ond coil pieces, which extend from the first out- 
ermost place of said slot, whose slot number 
differs from that thereof by the predetermined 
interval of said slots, to the axial opposite side so 
and are bent circumferentially outwardly; 
a two-turn second coil formed by connecting an 
end portion of each of said first and second coil 
pieces, which extend from the fourth outermost 
place in said slots to the axial opposite side and 55 
are bent circumferentially outwardly, to a corre- 
sponding end portion of said first coil pieces, 
which extends from the third outermost place 



in said slot, whose slot number differs from that 
thereof by the predetermined interval of said 
slots, to the axial opposite side and is bent cir- 
cumferentially outwardly; and 
a crossover connection portion between said 
first and second coils formed by connecting one 
of first and second sets of end portions of said 
second coil pieces, said first set of end portions 
(u2',u3) of said second coil piece extending 
from the first outermost place in said one slot 
of each of said two sets to the axial side, said 
second set of end portions (ul,u4') of said sec- 
ond coil piece extending from the fourth outer- 
most place in the other slot of each of said two 
sets to the axial side, the other set of end por- 
tions being used as a lead wire and a wire con- 
nected to a neutral point formed among said 
phase coils. 

2. The vehicular AC generator according to claim 1 , 
wherein said second coil pieces (30) are construct- 
ed by which nearly U-shaped coll pieces respective- 
ly are inserted from the axial side into said two sets 
of two of said separated slots so that said U-shaped 
coil pieces are respectively positioned at a first out- 
ermost place in one slot of each of said two sets and 
at a fourth outermost place in the other slot of each 
of said two sets, and each of said U-shaped coil 
pieces is cut off at each connecting portion (30b) 
thereof after inserted into said slots. 

3. The vehicular AC generator according to claim 1 or 
2, wherein each of said first coil pieces (30.30A, 
30B) is formed by being folded at a connecting por- 
tion (30b) thereof, and wherein a direction, in which 
said first coil pieces (30) respectively inserted into 
a first outermost place in one slot of each set of two 
of said separated slots and into a second outermost 
place in the other slot is folded at said connecting 
portion thereof, is the same with a direction, in which 
said first coil pieces (30) respectively inserted into 
a third outermost place in one slot of each set of two 
of said separated slots and into a fourth outermost 
place in the other slot is folded at said connecting 
portion thereof, and is opposite to a direction, in 
which said first coil pieces (30A.30B) respectively 
inserted into a third outermost place in one slot of 
each set of two of said separated slots and into a 
second outermost place in the other slot is folded 
at said connecting portion thereof. 

4. The vehicular AC generator according to one of 
claims 1 to 3, wherein said crossover connection 
portion is formed in such a manner as to have a 
height which is less than that of a coil end portion 
constructed by a connecting portion of each of said 
first coil pieces. 
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A vehicular AC generator comprising: 

a shaft (6) rotatably supported on a pair of 
brackets (1 ,2); 

a rotor (7)~ fixed to said shaft and disposedTn "s" 
said pair of brackets; 

a stator (35A) disposed at an outer-circumfer- 
ence-side of said rotor and fixed to said pair of 
brackets; 

internal fittings (1 2,1 8) placed at a rear side of io 
said rotor; and 

a fan driven by a rotation of said shaft and for 
forming a flow of cooling air flowing along an 
axis of said shaft, 

15 

wherein said stator comprises: 



a stator core (15) in which a plurality of slots 
(15a), whose grooves extend in an axial direc- 
tion, are circumferentlalty provided at an equi- 20 
angular pitch so as to open on an inner circum- 
ference side thereof; and 
a stator coll (36A) formed by AC connection of 
four-turn phase coils constructed by serially in- 
serting coil conductors (30.30C) into said slots 25 
separated by a predetermined interval of said 
slots, said coil conductors being arranged four 
in a line in a radial direction, 

and wherein each of said phase coils compris- 30 

es: 

one of nearly U-shaped first coil pieces 
(30.30C), which constitute said coil conductors, 
inserted from an axial side into one set of two 35 
of said separated slots so that said first coil 
piece (30C) is respectively positioned at a first 
outermost place in one slot of said one set and 
at a third outermost place in the other slot of 
saidoneset,andremainingfirstcoilpieces(30) <o 
inserted from an axial side into remaining sets 
of two of said separated slots, respectively, so 
that one of said remaining first coil pieces is re- 
spectively positioned at a first outermost place 
in one slot of each of said remaining sets and 45 
at a fourth outermost place in the other slot of 
each of said remaining sets and that another of 
said remaining first coil pieces is respectively 
positioned at a second outermost place in said 
one slot of each of said remaining sets and at so 
a third outermost place in the other slot of each 6. 
of said remaining sets; and 
second coil pieces (30), which constitute said 
coll conductors, inserted into said one set of 
two of said separated slots so that said second ss 
coil pieces are respectively positioned at a sec- 
ond outermost place in said one slot of said one 
set and at a fourth outermost place of the other 



slot of said one set and that end portions of said 
second coil piece extend from each slot of said 
one set to both axial sides, 

wherein one of said remaining first cpH pieces„ 

(30), which are respectively inserted from the 
axial side into the first outermost place in one 
slot of each of said remaining sets and the 
fourth outermost place in the other slot of each 
of said remaining sets, is respectively placed in 
: each gap formed between another of said re- 
, maining first coil pieces (30), which are respec- 
tively inserted from the axial side into the sec- 
ond outermost place in said one slot of each of 
said remaining sets and the third outermost 
place in the other slot of each of said remaining 
sets, at said connecting portion (30b) thereof 
by setting heights of apex portion of said con- 
necting portion at an equal value, 
wherein a four-turn coil is formed by connecting 
an end portion of each of said first and second 
coil pieces, which extend from the second out- 
ermost place in each of said slots to an axial 
opposite side and are bent circumferential ly 
outwardly, to a corresponding end portion of 
said first coil pieces, which extend from the first 
outermost place of said slot, whose slot number 
differs from that thereof by the predetermined 
interval of said slots, to the axial opposite side 
and are bent circumferential ly inwardly and by 
connecting an end portion of each of said first 
and second coil pieces, which extend from the 
fourth outermost place in said slots to the axial 
opposite side and are bent circumferentially in- 
wardly, is connected to a corresponding end 
portion of said first coil pieces, which extends 
from the third outermost place in said slot, 
whose slot number differs from that thereof by 
the predetermined interval of said slots, to the 
axial opposite side and is bent circumferentially 
outwardly, 

and wherein an end portion (ul) of said second 
coil piece (30) extending from the second out- 
ermost place in said one slot of said one set to 
the axial side and an end portion (u4*) of said 
second coil piece extending from the fourth out- 
ermost place in the other slot of said one set to 
the axial side are used as a lead wire and a wire 
connected to a neutral point formed among said 
phase coils. 

The vehicular AC generator according to claim 5, 
wherein said second coil pieces (30) are construct- 
ed by which a nearly U-shaped coil piece is inserted 
from the axial side into said one set of two of said 
separated slots so that said U-shaped coil piece is 
respectively positioned at a second outermost 
place in one slot of said one set and at a fourth out- 
ermost place in the other slot of said one set, and 
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said U-shaped coil piece is cut off at a connecting 
130b) portion thereof after inserted into said slots. 

A vehicular AC generator comprising: 

a shaft (6) rotatably supported on a pair of 
brackets (1,2); 

a rotor (7) fixed to said shaft and disposed in 
said pair of brackets; 

a stator (35B) disposed at an outer-circumfer- 10 
ence-side of said rotor and fixed to said pair of 
brackets; 

internal fittings (12,18) placed at a rear side of 
said rotor; and 

a fan driven by a rotation of said shaft and for is 
forming a flow of cooling air flowing along an 
axis of said shaft, 

wherein said stator comprises: 

20 

a stator core (15) in which a plurality of slots, 
whose grooves extend in an axial direction, are 
circumferentialfy provided at an equiangular 
pitch so as to open on an inner circumference 
side thereof; and 25 
a stator coil (36B) formed by AC connection of 
four-turn phase coils constructed by serially in- 
serting coil conductors (30,300) into said slots 
separated by a predetermined interval of said 
slots, said coil conductors being arranged four 30 
in a line in a radial direction, 

and wherein each of said phase coils compris- 
es: 

35 

one of nearly U-shaped first coil pieces 
(30,300), which constitute said coil conductors, 
inserted from an axiai side into one set of two 
of said separated slots so that said first coil 
piece is respectively positioned at a first outer- 40 
most place in one slot of said one set and at a 
fourth outermost place in the other slot of said 
one set, and remaining first coil pieces (30) in- 
serted from an axial side into remaining sets of 
two of said separated slots, respectively, so that <s 
one of said remaining first coil pieces is respec- 
tively positioned at a first outermost place in 
one slot of each of said remaining sets and at 
a third outermost place in the other slot of each 
of said remaining sets and that another of said so 
remaining first coil pieces is respectively posi- 
tioned at a second outermost place in said one 
slot of each of said remaining sets and at a 
fourth outermost place in the other slot of each 
of said remaining sets; and ss 
second coil pieces (30), which constitute said 
coil conductors, inserted into said one set of 

two of said separated slots so that said second 

V 



coil pieces are respectively positioned at a sec- 
ond outermost place in said one slot of said one 
set and at a third outermost place of the other 
slot of said one set and that end portions of said 
second coil piece extend from each slot of said 
one set to both axial sides, 
wherein a four-turn coil is formed by connecting 
an end portion of each of said first and second 
coil pieces, which extend from the second out- 
ermost place in each of said slots to an axial 
opposite side and are bent circumferentially 
outwardly, to a corresponding end portion of 
said first coil pieces, which extend from the first 
outermost place of said slot, whose slot number 
differs from that thereof by the predetermined 
interval of said slots, to the axial opposite side 
and are bent circumferentially inwardly and by 
connecting an end portion of each of said first 
coil pieces, which extend from the fourth outer- 
most place in said slots to the axial opposite 
side and are bent circumferentially outwardly, 
to a corresponding end portion of said first and 
second coil pieces, which extends from the 
third outermost place in said slot, whose slot 
number differs from that thereof by the prede- 
termined interval of said slots, to the axial op- 
posite side and is bent circumferentially inward- 
ly; 

and wherein end portions (ul,u4') of said sec- 
ond coil piece (30) extending from the second 
outermost place in said one slot of said one set 
to the axial side and from the third outermost 
place in the other slot of said one set to the axial 
side are used as a lead wire and a wire con- 
nected to a neutral point formed among said 
phase coils. 

8. The vehicular AC generator according to claim 7, 
wherein said second coil pieces (30) are construct- 
ed by which a nearly U-shaped coil piece is inserted 
from the axial side into said one set of two of said 
separated slots so that said U-shaped coil piece is 
respectively positioned at a second outermost 
place in one slot of said one set and at a third out- 
ermost place in the other slot of said one set, and 
said U-shaped coil piece is cut off at a connecting 
portion (30b) thereof after inserted into said slots. 

9. The vehicular AC generator according to one of 
claims 1 to 8, wherein a coil end portion constituted 
by said connecting portions (30b) of said first coil 
piece is placed at a rear side. 

10. The vehicular AC generator according to claim 9, 
wherein an axial height of a rear-side coil end por- 
tion in a axial direction is lower than that of a front- 
side coil end portion and an axial lap amount be- 
tween said front-side coil end portion and said fan 
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is larger than that between said rear-side coif end 
portion and said fan. 
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FIG. I 




u2' 

SOLID LINES : WIRES AT NON- CONNECTION SIDE ( REAR SIDE) 
DOTTED LINES : WIRES AT CONNECTION SIDE (FRONT SIDE) 



® : DIRECTION FROM FRONT SIDE TO REAR SIDE 
<S> : DIRECTION FROM REAR SIDE TO FRONT SIDE 
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FIG. 4 




SOLID LINES : WIRES AT NON- CONNECTION SIDE (REAR SIDE) 
DOTTED LINES : WIRES AT CONNECTION SIDE (FRONT SIDE) 

® : DIRECTION FROM FRONT SIDE TO REAR SIDE 
<S> : DIRECTION FROM REAR SIDE TO FRONT SIDE 



28 

SDOaft<EP 1107425A2 I > 



EP1 107 425 A2 



FIG. 5 
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FIG. 6 




SOLID LINES : WIRES AT N ON- CONNECTION SIDE (REAR SIDE) 
DOTTED LINES : WIRES AT CONNECTION SIDE (FRONT SIDE) 



® : DIRECTION FROM FRONT SIDE TO REAR SIDE 
<S> : DIRECTION FROM REAR SIDE TO FRONT SIDE 
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FIG. 7 
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FIG. 9 

PRIOR ART 




SOLID LINES : WIRES AT NON-CONNECTION SIDE (REAR SIDE) 
DOTTED LINES : WIRES AT CONNECTION SIDE (FRONT SIDE) 



® : DIRECTION FROM FRONT SIDE TO REAR SIDE 
<S> : DIRECTION FROM REAR SIDE TO FRONT SIDE 
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FIG. 10 
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FIG. 12 

PRIOR ART 
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PRIOR ART 
30c 29 





JSD0C1D: <EP 1 1 07425A2_I_> 



35 



EP 1 107 425 A2 



FIG. 14 

PRIOR ART 




SOLID LINES : WIRES AT NON- CONNECTION SIDE (REAR SIDE) 
DOTTED LINES : WIRES AT CONNECTION SIDE (FRONT SIDE) 



® : DIRECTION FROM FRONT SIDE TO REAR SIDE 
<S> : DIRECTION FROM REAR SIDE TO FRONT SIDE 
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(54) Vehicular AC generator 



(57) A vehicular AC generator has a stator including 
a stator coil formed by AC connection of four-turn phase 
coils by serially inserting coil conductors into slots sep- 
arated by intervals of three slots, the coil conductors be- 
ing arranged four in a line in a radial direction, and 
wherein each of the phase coils is obtained by perform- 
ing the steps of: inserting the U-shaped coil pieces from 
the axial side into two adjacent sets of two of the sepa- 
rated slots so that one of the coil pieces is respectively 
positioned at the first outermost place in one slot of each 
of the two sets and the fourth outermost place in the oth- 
er slot of each of the two sets, and that another of the 
coil pieces is respectively positioned at the second out- 
ermost place in one slot of each of the two sets and the 
third outermost place in the other slot of each of the two 
sets; inserting remaining U-shaped coil pieces from the 
axial side into remaining sets of two of the separated 
slots so that one of the remaining coil pieces is respec- 
tively positioned at the first outermost place in one slot 
of each of the remaining sets and the second outermost 
place in the other slot of each of the remaining sets, and 
£Q that another of the remaining coil pieces is respectively 
^ positioned at the third outermost place in one slot of 
!^ each of the remaining sets and the fourth outermost 
CM P ,a ce in the other slot of each of the remaining sets; 
forming first and second coils by connecting an end por- 
tion of each coil piece, which extends from the first out- 
O enmost place in one slot of each of sets of two of the 
separated slots, to an end portion of each coil piece, 
which extends from the second outermost place in the 
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other slot of each of the sets, and by connecting an end 
portion of each coil piece, which extends from the third 
outermost place in one slot of each of the sets, to an 
end portion of each coil piece, which extends from the 
fourth outermost place in the other slot of each of the 
sets, and forming a crossover connection portion be- 
tween the first and second coils by cutting off the coil 
pieces inserted into the first outermost place In one slot 
of each of the two sets and the fourth outermost place 
in the other slot, and by connecting cut end portions of 
the coil pieces extending from the first outermost places 
in each slot of the two sets to the axial opposite side, 
cut end portions of the coil pieces extending from the 
fourth outermost places in each slot of the two sets to 
the axial opposite side being used a lead wire and a wire 
connected to a neutral point, respectively. 
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